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Abstract

Association between Past Body Mass Index,

Weight Change and Self-reported Depression in

the Health Examinees Study (HEXA)

Sun Jae Jung

The Department of Biomedical Sciences

Seoul National University

College of Medicine

Background: Although several studies have focused on the relationship

between obesity and depression, far fewer studies have examined underweight

or weight change and depression over time. Furthermore, the association

between body size, weight change and depression has not been systematically

summarized, particularly for underweight individuals.

Objective: This study consists of a meta-analysis that evaluates the
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association between indices for body size and depression. Furthermore, this

study assesses the relationship between weight change and subsequent

depression. In a Health Examinees (HEXA) study, our objective was to

explore the association between body mass index (BMI), weight change and

depression considering the interaction between baseline BMI and consequent

weight change and this interaction’s effect on depression.

Materials and methods: A computerized systematic literature search was

conducted in PubMed, EMBASE and the Cochrane Library for studies

published before March 10, 2015; no language restrictions were applied. A

total of 183 studies focusing on the relationship between body size, weight

change and depression were selected by 5 individual researchers with

crosschecking. Fully adjusted hazard ratios (HRs) or odds ratios (ORs) were

extracted. Random-effect models were used to synthesize the data from the

studies, and we performed subgroup analyses to examine the effects of

potential moderators (gender, age, continent of residence and comorbidities).

In the HEXA study, a total of 168,123 out of 170,087 participants were

included in the final analysis. Every participant was interviewed regarding

their demographic factors, medical histories, health behaviors and diet. The

participants were required to recall their weight at various time points. Trained

staff measured the participants’weight and height. BMI at each time point was
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calculated, and weight change was measured in 2 manners: 1) from age 18-20

to the present time, and 2) from lowest to highest weight considering age at

which that weight occurred. The outcome was measured using 2 working

definitions: 1) depression diagnosis by a physician after the weight recall, and

2) the Center for Epidemiological Studies-Depression Scale. ORs were

calculated utilizing multivariate logistic regression. Possible interactions

between baseline BMI and consequent weight change were assessed.

Results: In a meta-analysis of the cohort studies, being underweight

(BMI<18.5 kg/m2) at baseline increased the risk of subsequent depression (OR

1.16, 95% CI 1.08-1.24). Overweight participants (BMI 25-29.9 kg/m2)

showed no statistically significant results overall; however, the subgroup

analyses presented different results according to gender. In men, the pooled

ORs showed a protective effect of being overweight on depression (OR 0.84,

95% CI 0.72-0.97), whereas women presented opposite results (OR 1.16, 95%

CI 1.07-1.25). The risk for depression marginally increased (OR 1.13, 95% CI

0.96-1.34) in the obese (BMI 30 kg/m2). Participants with a greater waist

circumference (WC, >102 cm [men] and >88 cm [women]) presented a

significantly increased risk of depression (OR 1.38, 95% CI 1.17-1.62). In the

cross-sectional studies, obesity with a BMI of over 40 kg/m2 showed a greater

pooled OR (OR 1.59, 95% CI 1.12-2.24) than obesity with a BMI of over 30
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kg/m2 (OR 1.18, 95% CI 1.11-1.26). Both weight gain and weight loss showed

marginally significant ORs for subsequent depression. In the HEXA results,

2.2% (3,623/168,123) of participants reported ever having been diagnosed

with depression. Men in the underweight population mostly showed a

significantly increased OR (OR 3.08, 95% CI 1.22-7.79 at age 50). Women

who were underweight at age 35 showed an increased OR (OR 1.27, 95% CI

1.08-1.50). The OR was significantly decreased in “obese I” men (OR 0.61,

95% CI 0.42-0.88 at 2 years before the survey), “overweight at risk” women

(OR 0.88, 95% CI 0.79-0.98 at age 35) and “obese I” women (OR 0.86, 95%

CI 0.76-0.97 at age 35). The participants who gained large amounts weight or

the women who lost weight showed a significantly increased OR. Assessing

the joint association showed significantly increased likelihoods among 1)

participants who were underweight at age 18-20 with relatively stable weight

(men: OR 2.11, 95% CI 1.31-3.38; women: OR 1.21, 95% CI 1.04-1.40) and

2) women who had a normal BMI at age 18-20 with subsequent weight loss

(OR 1.39, 95% CI 1.14-1.70).

Conclusions: In the results of both the meta-analysis and the HEXA study,

underweight people were associated with an increased likelihood of later

depression. Additionally, people who gained large amounts of weight and

women who lost weight had increased ORs for depression. The likelihood for
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depression increased for people who were underweight in early adulthood (age

18-20) and maintained a relatively stable weight.
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1. INTRODUCTION

1.1 Epidemiology of the depression

Depressive disorder, or depression is a common problem worldwide,

and overall prevalence is increasing including Korea (1-2). In National Health

and Nutrition Examination Survey (NHANES) conducted in nationwide

population of U.S. citizen, revealed that about 20.1% people reported

significant depressive symptoms by Patient Health Questionnaire (PHQ-9) (3).

In addition, the result from National Comorbidity Survey Replication (NCS-

R) of U.S. showed 16.2% of major depressive disorder diagnosed with World

Health Organization’s (WHO) Composite International Diagnostic Interview

(CIDI) prevalence for lifetime (4). In Korea, 23.1% of men and 27.4% of

women reported to have significant depressive symptoms assessed with

Center for Epidemiological Studies-Depression Scale (CES-D) (5). In the

result of the Epidemiological Survey of Mental Disorders in Korea 2011

conducted by Seoul National University and Ministry of Health and Welfare,

Korea (Figure 1). In 2010, depressive disorder attributed to the highest burden

of disease in overall mental and substance use disorder (6), and depression is

1
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predicted to be one of the three major factor of burden of disease by 2030 (7).

Figure 1. Prevalence of life-time and annual depression in the

Epidemiological Survey of Mental Disorders in Korea 2011.

(Seoul National University and Ministry for health and welfare)
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1.2 Pathophysiology

It has been reported that depression status, including major depressive disorder,

is complex and related to a number of biological factors (8). The traditional

hypothesis of monoamine asserts that the relative insufficiency of the

monoamine neurotransmitter, primarily serotonin, increases the risk of

depression (9, 10). A correlation was observed between hyper-sensitized

adrenergic receptors and depression (11), whereas adrenergic receptors were

shown to be down-regulated when antidepressant treatments were applied (10).

These effects led to long-term neuronal changes, resulting in impaired

neuroplasticity and morphologic brain changes (9). In addition, because

patients with depression generally exhibit an increased cortisol level, the

hypothalamic-pituitary-adrenal (HPA) axis appears to play a crucial role in the

development of depression. Depressed individuals are frequently reported to

have failed dexamethasone suppression tests and present larger adrenal and

pituitary glands (12).

In addition, people with depression tend to have abnormal sleep patterns: less

rapid eye movement, shortened stage 3 and 4 sleep and (13) increased levels

of pro-inflammatory cytokines such as tumor necrosis factors (TNFs),

interleukin (IL)-1 and IL-6 (14). Genetic factors are considered important in

3
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the process of developing depression in certain family and twin studies;

however, it has been postulated that genetic factors do not contribute as greatly

as other environmental stressors (15, 16).

1.3 Known risk factors for depression

1.3.1 Gender

Across the majority of the studies focusing on the effects of gender on

depression, the results are consistent: women show higher rates of depression

than men. Approximately twice as many women experience depression

compared to men (Table 1). It was once hypothesized that the differences in

the prevalence of depression were a result of women tending to report their

distress and asking for help more easily than men (17). However, the results

from the Epidemiologic Catchment Area (ECA) and the National

Epidemiologic Survey on Alcohol-Related Conditions (NESARC) suggest

that there are true differences in the prevalence of depression among the

genders; women experienced more depression during all time points during

4
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the study period (17, 18).

Although it is firmly established that women have an increased risk of

developing depression, the reason for this difference remains unknown.

5
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Table 1. Lifetime prevalence of major depression by gender
(From the book edited by Tsuang, et al, 2011 (19))

Place Female male Sex Ratio
(female/male) References

Asia
Seoul, Korea 4.1 2.4 1.6 (20-22)
Hong Kong 2.4 1.3 1.8 (23, 24)
Korea 5.9 2.6 2.3 (25)
China 3.2 3.9 0.8 (24)
Kumming, China 2.4 1.5 1.6 (26)

The Americas
U.S. ECA 7 2.6 2.7 (27, 28)
NHANES 12.6 6.3 2 (29)
NCS 21.3 12.7 1.6 (4, 30, 31)
NLAES 11 8.6 1.3 (32)
NESARC 17.1 9 1.9 (33)
Edmonton, Canada 11.4 5.9 1.9 (34)
Puerto Rico 5.5 3.5 1.6 (20)
Mexico 15.9 9 1.8 (35)

Australasia
New Zealand 16.3 8.8 1.9 (36, 37)

Abbreviations: Epidemiologic Catchment Area (ECA), National
Health and Nutritional Examination Survey (NHANES), National
Comorbidity Survey (NCS), National Longitudinal Alcohol
Epidemiologic Survey (NLAES), National Epidemiologic Survey on
Alcohol Related Conditions (NESARC)
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1.3.2 Age

In several studies, younger people presented a greater risk of major depression

(38, 39). Researchers question whether there is an actual age effect on the

development of depression, and the question has been raised in other studies

(40, 41). In the National Longitudinal Alcohol Epidemiologic Survey

(NLAES), there was a lower prevalence of major depressive episodes (MDEs)

in subjects aged 65+ (0.55) than in subjects aged 18-20 (5.99). However, the

results from the NESARC showed the highest lifetime prevalence among the

middle-aged group (aged 30-34 years) (33). It is possible that previous results

suggesting a higher risk of depression among the younger age group may have

been based upon the effect of a specific birth cohort. In other countries, the

results are not as consistent. Results from Australia suggest that middle-aged

people (age 45-54) are twice as likely to have depression than younger people

(age 18-24) (42). Some studies have argued that there is an increased

prevalence of depressive symptoms in the older age groups (43, 44); however,

Roberts et al. suggested that older adults are at no greater risk of depression if

they are functioning normally (45).
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1.3.3 Race and ethnicity

Generally, the reported prevalence of depression in Asian countries is less than

that in Western countries (19). For example, studies from Japan and China

reported prevalences of approximately 3.0% (46) and 2.0% (26), respectively,

whereas the results from the NESARC show a rate of 13.2% for lifetime

depression (33). When examining depression, Asians tend to report somatic

features rather than psychological problems (47), which are difficult to fully

assess with measures developed for Western societies.

By contrast, there was no significant difference in the prevalence of depression

between Caucasians and African-American participants in the ECAstudy (48).

The results were similar for Hispanics living in Puerto Rico (20).

1.3.4 Socioeconomic and employment status

The results from the NCS showed an increased risk of major depression among

people with less education, people who are unemployed or homemakers (19).

In the NESARC, people who earn less than $20,000 per year exhibited an

elevated risk of lifetime depression (33). A higher income was correlated with

a reduced likelihood of an MDE in the past 12 months in Canada and the
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Netherlands (46). In Australia, people who were unemployed showed an

elevated risk for an MDE during the past month compared to people who were

employed (42). Conversely, there was no difference in the risk of an MDE in

the previous year according to education in Japan, Brazil, Chile, Mexico or

Turkey (46).

1.3.5 Marital status

Participants who were divorced, separated or widowed presented a risk of

depression two to three times the risk of never-married and married people

who lived together with their partners. In the NESARC and studies conducted

in Australia, the results with regard to these marital factors were consistent (17,

42). However, several studies suggested that unmarried people are more likely

to suffer from depression than the married population (46).

1.3.6 Urban-rural residence

There was a significant difference in the prevalence of depression between

urban and rural areas in the U.S. in the ECAstudy (49). However, the direction

of the relationship differed in different regional areas. One study conducted in

9
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Taiwan showed a greater risk of depression in small towns than in rural areas

or metropolitan areas (50). People from urban areas showed a higher rate of

depression compared to rural areas in a study conducted in Puerto Rico (20).

However, studies conducted in the U.S., including the NCS and the NESARC,

observed no significant association between residential areas and depression

(33, 51). The results were similar in studies conducted in Germany, Turkey,

the Czech Republic and Canada (46). Recent literature does not strongly

support this rural-urban difference with regard to the prevalence of depression

(19).

1.3.7 Family history and genetics

In family studies, the risk of major depressive disorders increases two- to

threefold in people who are first-degree relatives of people with depression

(52-54). These results are consistent with the results of a meta-analysis

conducted on five large family studies that reported a significant effect of a

family history of depression on major depression (OR 2.8, 95% CI 2.3-3.5)

(16). The results are consistent regarding familial aggregations of depression,

which are explained by shared genetic factors or common environmental

etiology. By performing twin studies, researchers focused on evaluating which

10
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factor, genetic or environmental, played a major role. In a number of twin

studies, genetic factors were observed to contribute to the development of

major depression with moderate effect (16, 55).

Additionally, a number of large genome-wide association studies have

estimated specific genetic variants and have indicated an increase in the risk

of depression within families. Studies have suggested that one or more genes

in chromosomes 8p22-p21.3, 15q and 17p12 may increase the risk of

developing depression (56, 57). A polymorphism in the serotonin transporter

gene can act as an effect modifier between a stressful life event and the onset

of depression (58). The 5-HTTLRP, which acts as the promoter of the

serotonin transporter, has been reported to interact with stressful

environmental and life events and the risk of depression (59-61).
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1.4 Defining depression

Two traditional approaches have assessed depression: the diagnostic

approach and the non-diagnostic approach. In the diagnostic approach, most

physicians diagnose their patients who present with depressive symptoms

utilizing the Diagnostic and Statistical Manual ofMental Disorders, 4th Edition

(DSM-IV) criteria. In the DSM-IV, an MDE is diagnosed when a person

exhibits a loss of interest/pleasure or a depressed mood in daily activities that

persists for longer than 2 weeks. The patient’s mood should represent a change

from the person’s baseline mood. Additionally, symptoms exhibit clinically

significant social, occupational or educational impairments that are not the

result of using substances or a general medical condition. Additionally, a

person is considered depressed if the person shows at least 5 of the following

symptoms nearly every day: depressed mood or irritability, diminished

interest/pleasure, change in sleep patterns, significant weight change (5%) or

change in appetite, change in daily activity, loss of energy or fatigue,

inappropriate guilt or feelings of worthlessness, impaired concentration or

suicidal ideation or behavior. After diagnosing an MDE, the person is

diagnosed as having major depressive disorder (MDD) only if the patient does

not have bipolar disorder (1) (Box 1).
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However, many variances exist in physicians’ diagnoses because each

physician has different experience and knowledge. Additionally, there are

differences in the educational and cultural backgrounds of physicians

according to geographical area, which renders it difficult to use the data from

clinical diagnoses for epidemiological studies. Additionally, because of the

expenses involved, it is difficult to recruit physicians to diagnose in the

research field (62).
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A) Five (or more) of the following symptoms have been present during
the same 2-week period and represent a change from previous functioning;
at least one of the symptoms is either (1) depressed mood or (2) loss of
interest or pleasure

Note: Do not include symptoms that are clearly due to a general medical
condition, or mood-incongruent delusions or hallucinations

1) depressed moodmost of the day, nearly every day, as indicated by either
subjective report (e.g., feels sad or empty) or observation made by others
(e.g., appears tearful). Note: In children and adolescents, can be irritable
mood.

2) markedly diminished interest or pleasure in all, or almost all, activities
most of the day, nearly every day (as indicated by either subjective account
or observation made by others)

3) significant weight loss when not dieting or weight gain (e.g., a change
of more than 5% of body weight in a month), or decrease or increase in
appetite nearly every day. Note: In children, consider failure to make
expected weight gains.

4) insomnia or hypersomnia nearly every day

5) psychomotor agitation or retardation nearly every day (observable by
others, not merely subjective feelings of restlessness or being slowed
down)

6) fatigue or loss of energy nearly every day

7) feelings of worthlessness or excessive or inappropriate guilt (which
may be delusional) nearly every day (not merely self-reproach or guilt
about being sick)

Box 1. Diagnostic and Statistical Manual of Mental Disorders fourth
version(DSM-IV) criteria for major depressive disorder (1) (continued)
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8) diminished ability to think or concentrate, or indecisiveness, nearly every
day (either by subjective account or as observed by others)

9) recurrent thoughts of death (not just fear of dying), recurrent suicidal
ideation without a specific plan, or a suicide attempt or a specific plan for
committing suicide

B) The symptoms do not meet criteria for a Mixed Episode

C) The symptoms cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning.

D) The symptoms are not due to the direct physiological effects of a substance
(e.g., a drug of abuse, a medication) or a general medical condition (e.g.,
hypothyroidism)

Box 1. Diagnostic and Statistical Manual of Mental Disorders fourth
version(DSM-IV) criteria for major depressive disorder (1)
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The non-diagnostic approach uses simple screening instruments to

assess the prevalence or severity of depressive symptoms (63, 64). This

approach is more economical because it is not necessary to train the measurers.

This approach does not render a clinical diagnosis; rather, measures the

presence of depressive symptomatology and severity (62).

In traditional psychiatric epidemiological studies, a number of studies

have utilized a two-stage approach, using non-diagnostic simple screening

instruments in the first stage and only conducting the second stage with

psychiatrists for groups who presented over the cutoff points in the previous

stage.

Non-diagnostic screening tools comprise a self-reporting scale and an

observer rating scale. The former is much more economical and applicable for

a study population. Many self-reporting scales have been developed, the

majority in Western countries. Validation studies are required when applying

these scales in different countries, particularly in Asia, because there are many

differences in language and socio-cultural contexts. Because participants

respond quite sensitively to each question, measurements and cutoff points

should occasionally be re-defined (65).

One of the most popular and widely applied self-report scales is the
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CES-D (66, 67). This scale comprises 20 items that measure how often each

depressive symptom occurred. The cutoff of the original CES-D was 16 points

or more, which helped to identify clinical depression with great sensitivity,

specificity and internal consistency (68). The scale has been shown to be

appropriate for community epidemiological research; the questions are brief

and measure symptom duration (66, 69). In 1993, Cho et al. translated and

modified a Korean version of the CES-D and completed its validation (62).

Four items assessing positive mood in the original version (hopeful, future…)

were modified into items assessing negative aspects, and other positive items

(happy, enjoy, as good as) were made briefer and the order was rearranged

(Table 2).

In the Korean version of the CES-D, the optimal cutoff point was 21

for community epidemiological research and 25 for clinical samples. The

instrument showed high internal consistency and good reliability (62).
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Table 2. Comparison between Original CES-D vs. Modified version
of CES-D in Korea
CES-D. Radloff (1971) CES-D-K, Cho (1993)
Item
no. Question Item

no. Question

1 I was bothered by things that
usually don't bother me 1

2 I did not feel like eating; my
appetite was poor 2

,

3
I felt that I could not shake
off the blues even with help
from my family or friends.

3
,

.

4 I felt I was just as good as
other people. 10

.

5 I had trouble keeping my
mind on what I was doing. 4

.

6 I felt depressed 6

7 I felt that everything I did
was an effort. 7

8 I felt hopeful about the
future. 8

9 I thought my life had been a
failure 9

.

10 I felt fearful. 12 .

11 My sleep was restless. 11
(

)

12 I was happy. 5 .

13 I talked less than usual. 13
.
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14 I felt lonely 14

15 People were unfriendly. 16

16 I enjoyed life. 15 .

17 I had crying spells. 17
18 I felt sad. 18

19 I felt that people dislike me 19

20 I could not get “going.” 20
.
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1.5 Distribution of certain levels of body size

Similar to depression, weight problems are one of the most frequent

and important issues in primary care. A number of comorbid conditions that

affect quality of life and may lead to early death are related to weight problems

and depressive disorders (70). Approximately 36.9% of men and 38% of

women are estimated to have a body mass index (BMI) over 25 kg/m2, and the

mean BMI is increasing worldwide (71, 72). According to the Korean National

Health and Nutrition Examination Survey (KNHANES), the prevalence of

obesity has increased to more than 30% in the overall population (Table 3).

Nevertheless, some people are in the underweight range (BMI<18.5

kg/m2), largely because of poor nutrition or underlying health conditions. The

U.S. NHANES, which applied measured heights and weights, reported that

1.6% of adults in the U.S. are underweight. The prevalence of underweight

has decreased significantly since 1988, and twice as many women are

underweight as men (73). In addition, a significant proportion of adults in a

number of developing Asian countries are underweight. More than 25% of

adults have a BMI of less than 18.5 kg/m2 in Bangladesh, India, Pakistan and

Vietnam. In Korea, less than 10% of the population is underweight; however,

the proportion is higher than the average in OECD countries (Figures 2-3) (74).
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1.6 The relationship between body size and depression:

Epidemiological studies

1.6.1 No relationship between body size and depression

A comprehensive review by Faith et al. in 2002 reported no

relationship between body size or relative body weight (RBW: height adjusted

weight) and depression in the previous 50 years (75). Several studies suggest

that there may be no association between body size and depression after

adjusting for relevant factors. One prospective study focusing on the effect of

being fat on depressive symptoms, including a consideration of fitness,

showed no significant associations between being fat and depressive

symptoms in adults when controlling for fitness measured with a treadmill test

(76). One study conducted among adolescents in Hong Kong observed that

adiposity throughout life was not significantly associated with depressive

symptom development during adolescence (77). Similarly, the results of one

prospective study suggested that BMI does not significantly influence the

development of depression in the offspring of people who have recurrent

depression (78).
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1.6.2 The increased likelihood of depression in the obese population

Because depression and obesity are both becoming increasingly more

pervasive, some studies have reported that these two conditions commonly

exhibit a high risk of cancer, cardiovascular disease and diabetes (79). It is also

been emphasized that mood problems are associated with low compliance and

poor treatment outcomes. Some cross-sectional studies (80-82) have evaluated

an association between weight and depressive disorders in a positive manner,

and a number of prospective studies have demonstrated that people with a

higher BMI also have an increased risk of depression (83-85). One study that

analyzed the third NHANES proposed that the only significant association

between depression and weight occurs among the severely obese (81). In

several prospective cohort studies, including the Northern Finland 1966 Birth

Cohort Study or the Alameda County Study, obesity in adolescence was

associated with subsequent depression in adulthood (86, 87).

1.6.3 Other associations between depression and body weight

Contrary to the previous reports, a number of studies have supported

an inverse relationship between obesity and depression. One study conducted

in Taiwan supports the “jolly fat hypothesis” by showing a significantly
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reduced OR (OR 0.62, 95% CI 0.46-0.83) for obese women (88). An

ESCAPAD study conducted in France indicated that obese adolescent girls are

less likely to be depressed than overweight girls (89). Results from the Korean

Longitudinal Study of Aging suggest that underweight middle-aged Koreans

are more prone to experiencing depressive symptoms (90).

In an extension of the “jolly fat hypothesis”, relatively fewer studies

have focused on underweight and depression. Only one study noted a “U-

shaped” relationship between BMI and depression in the adjusted data,

reporting that being underweight increases the likelihood of depression as well

as obesity (91). This study underscores the need for further research

addressing the underweight population as a separate category. The majority of

previous studies included the underweight population in the non-obese

population. In Western countries, the underweight population is less prevalent

than the overweight and obese population (18). However, there is a higher

proportion of underweight population in most Asian countries, including

Korea (88). Therefore, it is important to focus on the risk of depression in

underweight people.

In addition, although BMI or body weight was assumed to have

certain associations with depression, the influence of the timing of BMI on
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depression remains unclear. This topic requires further evaluation to clarify

the association between BMI, body weight and depression with baseline

values and change, particularly in non-Western populations.

1.6.4 Weight change and depression

Less attention has been focused on the relationship between weight

change and depression (92). Most studies evaluating the association between

body size and depression have not simultaneously considered weight change

(87, 93). Likewise, several studies have focused on how depression influences

weight change (94, 95), One study conducted on the Health and Retirement

Study used a cross-lagged model to evaluate the effect of weight change on

depressive symptoms 2 years later. The results suggested that neither body

weight gain nor weight loss was associated with increased depressive

symptoms in a fully adjusted model (96). Likewise, one cohort study, the

Australian Longitudinal Study on Women’s Health, using a time-lagged

analysis, proposed that weight change in either direction may not affect the

development of depression (92). Some studies have reported that severe

depression improved after excess weight loss (95) and that weight gain

increased the risk of depression (97). However, the results remain
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contradictory.

1.6.5 A systematic review and meta-analysis

Although several studies have evaluated the association between

obesity and depression, few studies have focused on the association between

being underweight and depression. From a psychiatric point of view, both

circumstances could be related to depression because the diagnostic criteria in

the DSM-IV stipulate increased or decreased appetite to be a symptom of

depression, which can be related to obesity or underweight. Both conditions

can provoke negative body image, which engenders psychological distress and

low self-esteem (98).

However, studies conducted in recent years present conflicting results.

Several studies show that people who are underweight have an increased risk

of depression (90, 91, 99). Other studies observed no significant association

between being underweight and depression in women (100) or the entire

population (84). The results are also contradictory for obesity and depression.

Several studies reported a positive relationship between obesity and

depression (101, 102), whereas other studies reported a negative association

(103, 104) or no significant association (100, 105). It is uncertain whether
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being underweight affects depression in the larger population or whether being

obese is always associated with depression.

When evaluating the entire BMI condition in association with

depression, certain studies examined demographic variables as effect

modifiers. Gender is the most frequent factor tested in this association. The

results are mixed, and certain studies report a significant association between

obesity and depression in females (106, 107). Being underweight suggested

gender-specific results in another study (100). A meta-analysis with 17

community cross-sectional studies showed an overall significance between

depression and obesity (108). The subgroup analysis indicated a possible

difference according to gender. Only females showed a significant possible

association (108). Conversely, some studies report no discrepancy by gender

(86, 109).

Age can also act as a moderator in this association. One cohort study

showed increasing associations between obesity and depression as age

increased (110), whereas no difference according to age group was observed

in other studies (106). Likewise, race or ethnicity can be considered an effect

modifier. One study identified no difference between different ethnic groups

in these associations (110); however, people living on different continents
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have not been compared.

Another possible factor is the design of each study, particularly

defining depression using medical diagnostic tools such as the DSM-IV (106,

107) or by applying self-reporting mental scales such as Beck’s Depression

Index (BDI) or the Center for Epidemiologic Survey-Depression (CES-D) (86,

109).

A recent meta-analysis conducted with 15 prospective studies showed

a significantly increased overall OR of depression in the obese population

(111); however, this meta-analysis included only studies conducted on

Western populations, and no other ethnicities such as Asian were included.

Seven of the aforementioned studies did not include an analysis focusing on

underweight people, and few studies have been conducted within the Asian

population. In addition, there are no summarized results regarding weight

change and depression.
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2. HYPOTHESESAND OBJECTIVES

2.1 Hypotheses

Based on the results of prior research, we hypothesized the following:

1) A U-shaped association exists between relative body weight and major

clinical depression.

2) This association is stronger in women.

3) There is a significant interaction between body weight at age 18-20 and

subsequent weight change that affects depression.

2.2 Objectives

The goal of the present study was to further investigate the following research

questions:
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• In the systematic review and meta-analysis,

1) What is the summarized magnitude of association between each body size

category and depression in the meta-analysis?

2) How does BMI in the underweight range affect the incidence of depression?

3) Does being overweight protect against depression?

4) Is there any dose-response relationship between degree of obesity and

depression?

5) Do gender and continent of residence have different effects on the

relationship between obesity and depression?

6) Do different definitions of obesity (BMI, WC, WHR, etc.) affect the

relationship between obesity and depression?

• In the HEXA study,

1) Is body weight associated with clinical depressive disorders diagnosed by

a physician?

2) Is relative body weight also associated with depressive symptoms assessed

using the CES-D?
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3) If body weight is associated with depression, what is the overall pattern of

association?

4) Does the association of relative body weight with depressive disorder differ

according to gender?

5) If there is an association between body weight and depressive disorder, is

there any critical time period that determines the association?

6) How is the change in relative body weight associated with depression?
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3. MATERIALSAND METHODS

3.1 Systematic review and meta-analysis

3.1.1 Literature search

A systematic literature search was conducted in March 2015. The systematic

search was conducted on PubMed, Embase and the Cochrane Library. The

search combined keywords regarding body size or weight change (“body

weights”, “weight change”, “body mass index”, “obesity”, “adiposity”,

“thinness”, “underweight” or “overweight”) and depression (“ depressive

disorder”, “dysthymic disorder”, “seasonal affective disorder” or

“depression”). There was no language restriction.
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*MEDLINE. Pubmed

(("body weights and measures"[MeSH Terms] OR "weight"[tw] OR "body weight"[MeSH
Terms] OR ("body"[tw] AND "weight"[tw]) OR "body weight"[tw] OR “body weight
change”[MeSH Terms] OR “weight change”[tw]) OR ((BMI[All Fields] OR "body mass
index"[All Fields])) OR ((("obesity"[MeSH Terms] OR "obesity"[All Fields]) OR
("obesity"[MeSH Terms] OR "obesity"[All Fields] OR "obese"[All Fields]))) OR
(("adiposity"[MeSH Terms] OR "adiposity"[All Fields] OR adipose[All Fields])) OR
(("thinness"[MeSH Terms] OR "thinness"[All Fields] OR "underweight"[All Fields]))
OR (("overweight"[MeSH Terms] OR "overweight"[All Fields]))))

AND (("Depressive Disorder, Major"[Mesh]) OR ("Depressive Disorder, Treatment-
Resistant"[Mesh]) OR ("Dysthymic Disorder"[Mesh]) OR ("Seasonal Affective
Disorder"[Mesh]) OR ("depression"[All Fields] OR "depression"[MeSH Terms]))

*EMBASE

'agitated depression'/mj OR 'agitated depression' OR 'atypical depression'/mj OR 'atypical
depression' OR 'dysphoria'/mj OR 'dysphoria' OR 'dysthymia'/mj OR 'dysthymia' OR
'endogenous depression'/mj OR 'endogenous depression' OR 'involutional depression'/mj
OR 'involutional depression' OR 'late life depression'/mj OR 'late life depression' OR 'major
depression'/mj OR 'major depression' OR 'masked depression'/mj OR 'masked depression'
OR 'melancholia'/mj OR 'melancholia' OR 'mixed anxiety and depression'/mj OR 'mixed
anxiety and depression' OR 'mixed depression and dementia'/mj OR 'mixed depression and
dementia' OR 'mourning syndrome'/mj OR 'mourning syndrome' OR 'organic
depression'/mj OR 'organic depression' OR 'perry syndrome'/mj OR 'perry syndrome' OR
'postoperative depression'/mj OR 'postoperative depression' OR 'pseudodementia'/mj OR
'pseudodementia' OR 'puerperal depression'/mj OR 'puerperal depression' OR 'reactive
depression'/mj OR 'reactive depression' OR 'recurrent brief depression'/mj OR 'recurrent
brief depression' OR 'seasonal affective disorder'/mj OR 'seasonal affective disorder' OR
'treatment resistant depression'/mj OR 'treatment resistant depression' AND ('body
mass'/exp OR 'lean body weight'/exp OR 'weight change'/exp OR 'weight control'/exp OR
'weight fluctuation'/exp OR 'weight gain'/exp OR 'weight reduction'/exp OR 'weight
variation'/exp OR 'body size'/exp OR 'obesity'/exp OR 'underweight'/exp)

*MEDLINE. Cochrane library

"body weights and measures" OR "weight" OR "body weight" OR ("body" AND "weight")
OR "body weight" OR “body weight change” OR“BMI” OR "body mass index" OR
"obesity" OR "obese" OR "adiposity" “adipose” OR "thinness" OR "underweight" OR
"overweight" AND ("Depressive Disorder, Major" OR "Depressive Disorder, Treatment-
Resistant" OR "Dysthymic Disorder" OR "Seasonal Affective Disorder" OR "depression")

Box 2. Search words in MEDLINE, EMBASE and Cochrane Library
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This study was conducted with following PICO criteria.

P:population/problem I:Intervention/Exposure

1) Overall population
2) adolescent population (0-18y)
3) adult population(19y-)
4)subgroup by ethnicity and sex

1) underweight or BMI<18.5
I<25

4) WC>102/88(Caucasian) or
>90/80(Asian) in Men/Women

C:Comparison O: Outcomes/ comparison

Normal Range BMI (18.5-22.9
in Asian, 18.5-24.9 in
Caucasian)

1) Depression, Depressive symptom,
depressive disorder
2) Severity of depressive symptom

SD: Study design
1) RCT, non-randomized controlled trial
2) Cohort study
3) Case-control study
4) Cross-sectional study

The articles were first screened by reviewing the titles and a full text

review. Every selection stage involved 5 independent researchers (four

medical doctors and one student in preventive medicine). We excluded studies

conducted on case reports, letters, comments and reviews. Studies examining

the relationships among body size, weight change and bipolar depression or

articles regarding depression in relation to pregnancy were also excluded.

Study data were extracted by two independent medical doctors. The studies

Table 5. PICO of the study
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were subdivided into categories by the study design and summary estimate of

effect sizes (RCT, prospective cohort, case-control and cross-sectional/HR or

OR). Studies presenting effect sizes other than HR or OR were transformed

into ORs. If this was not possible, the authors contacted the author of the

studies to provide effect sizes in ORs by email. We used the HR/OR in the

final adjustment model.

3.1.2 Inclusion and exclusion criteria

We included all of the studies that were conducted on a human

population and contained measurements of BMI, WC, body fat (BF), waist-

hip ratio (WHR), waist-height ratio (WHtR) or relevant items such as weight

change and exposure to recognized measures of depression. We included

studies conducted on all age groups. Studies conducted with the diagnostic

criteria for depression (Diagnostic Interview Schedule [DIS], Composite

International Diagnostic Interview [CIDI]) were collected as well as studies

that utilized self-rating scales on depression such as the BDI or the CES-D.

We included studies that had cohort, case-control or cross-sectional designs.

However, we excluded certain studies that were published as duplicates. In

addition, publications in the form of editorials, letters or reviews were also

excluded. We essentially excluded non-human experimental studies and the
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studies without full documentation (studies with abstracts only). Additionally,

we excluded studies with results that could not be converted to a standardized

effect size.

3.1.3 Statistical Analysis

The studies reported the summary statics in different manners.

Although the majority of the studies reported ORs and their 95% confidence

intervals, some studies reported the summary statistics as beta-coefficients.

Additionally, some studies reported only a frequency table. In the prospective

cohort studies, hazard ratios (HRs) were also reported. We grouped the studies

initially by study design (randomized controlled trial [RCT], prospective

cohort, case-control and cross-sectional study), and all of the summary

statistics were converted to ORs and 95%CIs except the results regarding HRs.

To convert effect sizes and elicit the pooled mean effect size, ReviewManager

version 5.3 (RevMan, Copenhagen, The Nordic Cochrane Centre, The

Cochrane Collaboration, 2014) and Stata version 13.0 (College Station, TX,

StataCorp LP) were used. The summary results were reported as HRs in the

cohort studies and ORs in the other study designs. First, we summarized the

results for both sexes, and second, we separated the results by gender. Because
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there were different forms of exposure, the results were summarized according

to the exposure forms.

3.1.4 Quality assessment

We selected the Risk of Bias Assessment Tool for Nonrandomized

Studies (RoBANS) for quality assessment. The RoBANS has been validated

as a “fair” assessment tool with moderate reliability and promising validity

(118). RoBANS is applicable to cross-sectional, case-control and cohort

studies and comprises 8 items: comparability, participant selection,

confounding, exposure measurement, blinding of outcome assessments,

measurement of outcomes, incomplete outcome and selective reporting of

outcomes (Supplement 1). Each item is measured as “high risk of bias”, “low

risk of bias” or “uncertain”. Each article was crosschecked by 2 or more

researchers. For the quantitative assessment, we totaled the number of “high

risk of bias” and “uncertain” items and selected the article as “low quality” if

the sum of the items was greater than 2. We calculated pooled ORs and the I2

value among the “high quality” and “low quality” articles and compared the

pooled ORs between the estimated overall studies and the estimates for “high

quality” studies.
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Table 6. Classification of the summary results
Statistics Measurement Age Reference Category
HR BMI Adult <30
OR BMI Adult 18.5-24.9 <18.5

25-29.9

30-39.9

Adult <30
Adult per1
Child <85%

85%-95%
>95%

Child 5-85%
Birth weight Baby 2500-4000g <2500g
WC Adult >102(M), >88(F)

<94(M), <80(F)
<90(M), <80(F)

Weight change Adult No change
Weight gain Adult No change
Weight loss Adult No change

44

44



Because considerable heterogeneity was expected in the studies, the

summary effect size was driven by a random effects model. We conducted

Cochrane’s Q and I2 to assess the amount of heterogeneity; I2 demonstrates the

proportion of total variation among studies by heterogeneity. I2 equals 0%

when there is no heterogeneity, whereas a higher value of I2 indicates

increasing heterogeneity. The amount of heterogeneity can be categorized as

low, moderate or high at 25, 50 and 75%, respectively (119). Because we

sought to evaluate the association by demographic variables as possible effect

modifiers, we conducted a subgroup analysis for gender (men or women), age

(18-

Europe, etc.) and the type of criteria for depression (clinical diagnostic criteria

or self-reporting scales).

Publication bias was initially assessed by a funnel plot, and when the

funnel plot was asymmetrical, we checked the Begg’s and Egger’s test.
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3.2 The HEXA study

3.2.1 Study population

The study population was constructed from the Health Examinee

(HEXA) study. The primary purpose of the HEXA study was to evaluate

epidemiological and genomic risk factors in addition to investigating the gene-

environment interactions of major chronic diseases in the Korean population

(120). Subjects of the HEXAstudywere recruited from 38 hospitals and health

examination centers (Figure 5) and were selected for the degree to which the

subjects represented their community with strict selection criteria. The HEXA

study was designed to be a large-scale community-based prospective cohort

study, and only data from the baseline study are available. A total of 170,078

participants were selected from the adult population aged 35 to 74 years.

Information on socio-demographic factors, family history, past medical history,

medication, life-style factors and reproductive factors for women were

collected by an interview-based questionnaire survey. In addition, skilled

medical staff measured current height, weight and waist and hip

circumferences, which were components of the overall physical examinations.
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Figure 5. Centers participating in the Health Examinees (HEXA) Study.

(From Kang, et al. APJCP 2015.)
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Of the participants in the HEXA 2004-2012, people who had no

information regarding current weight or height were excluded. We also

excluded people who had no valid information on a depression diagnosis. Of

the participants who had been diagnosed with depression, those participants

lacking information on age or who had been diagnosed before age 18-20 were

also excluded. The total number of subjects for the final analysis was 168,123

(57,839 men and 110,284 women). Among these participants, 3,623 people

reported having been diagnosed with depression by physicians (Figure 6).

All of the participants in the HEXA study provided written consent.

Because HEXAdata are publically available in the Korean Center for Disease

Control (KCDC), further analysis was approved by the Institutional Review

Board of the Seoul National University Hospital in Seoul, Korea (IRB No. E-

1501-066-640).
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Figure 6. Selection of the participants for the analysis
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3.2.2 Baseline data collection and measurements

All of the subjects participated in interviews with questionnaires

conducted by well-trained staff. Data regarding socio-demographic factors;

family history; medical history, including medication, alcohol and tobacco

consumption; physical activity; and diet were collected. For women,

reproductive data were additionally gathered. Furthermore, the participants

were required to recall their weights at certain time points: at age 18 (from

2007 to 2012), at age 20 (2004-2006), at age 35, at age 50 and two years before

the baseline survey. However, the data collection differed by each study year

(Table 7). The highest and lowest weights after age 18 and the age at which

that weight occurred were also collected. After the participants finished their

interviews, they underwent a physical examination that included height and

weight measurements. We used weight at each time point and height at initial

cohort enrollment to calculate BMI, which was done by dividing the weight

by squared height (kg/m2). To categorize BMI distribution, we applied the

BMI criteria of the Steering Committee of the Regional Office for the Western

Pacific Region of theWorld Health Organization (WHO-WPRO) (121). These

criteria are deemed adequate for Asians by the International Association for

the Study of Obesity and the International Obesity Task Force (122).

According to the criteria, a BMI under 18.5 kg/m2 is considered “underweight”,
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a BMI between 18.5-22.9 kg/m2 is considered “normal range”, a BMI between

23-24.9 kg/m2, is considered “overweight at risk”, a BMI between 25-29.9

kg/m2 is considered “obese I” and a BMI of 30 kg/m2 or higher is considered

“obese II” (123) (Table 8).
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(FromWorld Health Organization, Western Pacific Regional Office (124) )

Table 8. Co-morbidities risk associated with different levels of BMI
and suggested waist circumference in adult Asians
Classification BMI Risk of Co-morbidities

Waist Circumference
<90cm (men) )
<80cm (women)

Underweight < 18.5
Low (but increased
risk of other clinical
problems)

Average

Normal range 18.5-22.9 Average Increased
Overweight

At risk 23-24.9 Increased Moderate
Obese I 25-29.9 Moderate Severe
Obese II Severe Very Severe
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The participants were asked whether they had ever had a diagnosis of

depression and if so, at what age. If they answered “yes” to the question asking

whether a previous doctor had diagnosed depression, the participants were

additionally asked for the current status of their depression. Among people

who admitted to having a previous depression diagnosis by a physician,

“current depressive symptoms” excluded people who responded that they

were completely cured of depression. The “current depression” group

comprised the people who continued to have depressive symptoms with or

without current treatment (Table 9).

In 2009, all of the participants were required to answer the Korean

version of the CES-D questionnaire, which was translated by Cho et al. (62)

to examine the current status of their depressive symptoms. Because the CES-

D is a self-report questionnaire, data regarding all of the participants were self-

reported. There are 20 questions on the CES-D, and the scores for each

question range from 0 to 3, for a total of 60 possible points. Higher scores

indicate an increased probability of depression. The cutoff point for depression

on the original questionnaire developed in the U.S. is 16; however, after the

validation of the CES-D Korean version, Cho et al. suggested using a cutoff

point of 21 for the community epidemiology study and 25 for clinical settings

(62). We used all three cutoff points to compare the magnitude of the
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correlations.

Of the 25,701 participants in the HEXA 2009, we excluded 1,550

people with no information on the CES-D. We excluded 2,446 participants

who responded in abnormal manners, such as marking all 20 items identically

or marking the same score in adjacent normal directions and reverse direction

items. A total of 21,705 participants were identified as depressed according to

their CES-D scores (Figure 7).
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Table 9. Defining "lifetime depression" and "current depression"

Current depression
status

No
Previous
depression
Dx
(n=21317)

Ever had depression diagnosis by doctor

Cured
(n=79)

Currently
on Tx
(N=148)

No current
Tx
(Previously
treated)
(n=130)

No
current
Tx
(Never
been
treated)
(N=30)

Mean CES-D 3.8 8 14.2 12.9 12.5
Lifetime depression X O O O O
Current Depression X X O O O

Figure 7. Selection of adequate CES-D value in HEXA 2009

2009 HEXA
(N=25,701)

No information on CES-
D

(N=1,550)

N=24,151
(M=8,969, F=15,182)

Abnormal CES-D
(N=2,446)

N=21,705
(M=8,043, F=13,662)
(current depression(+):

308)
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3.2.3 Statistical analysis

To compare the recalled BMI distribution by different age groups and

time points, each proportion of BMI ranges was presented. Additionally, age-

adjusted mean BMI and mean weight change by certain age points or periods

were calculated using PROC GLM in SAS (SAS Institute Inc., Cary, NC,

USA). We compared significant differences between the groups, examining

who had or had not ever had depression diagnosed by a physician, adding

socio-demographic factors, life-style factors, self-rated health and stress

exposure with 2 tests. In a similar manner, we compared the participants who

reported a CES-D score of 21 or higher and participants who presented scores

under 21. By reviewing previous literature and considering significant

differences and the results of the likelihood ratio test, we selected possible

confounders to adjust for in the model. The covariates in the full model were

age, income, education, marital status, cigarette smoking, alcohol

consumption, exercise frequency and comorbidities. Age was classified into 4

groups, and education was also classified into 4 groups according to years of

education. The participants were grouped into 5 categories according to their

family income status. Marital status was categorized as “never married”,

“living apart or divorced after marriage” and “married or cohabiting and

presently living together”. Alcohol consumption was divided into “never
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drinker”, “past drinker” and “current drinker”; cigarette smoking status was

also categorized as “current smoker”, “past smoker” and “never smoker”. A

total of five groups composed exercise frequency. Comorbid diseases such as

myocardial infarction, cerebrovascular disease, diabetes mellitus, peptic ulcer

disease, liver diseases and any form of cancer were used to calculate the

number of comorbid diseases. These types of diseases were selected based on

the Charlson Comorbidity Index (125), which was originally developed to

predict peri-operative complications.

We applied a multivariate logistic regression model to calculate the

associations between BMI at certain time points and depression either

diagnosed by a physician or measured by CES-D scores. To solve the problem

of reverse causation, we excluded a depression diagnosis made prior to the

recalled weight time point. For example, when we analyzed the association

between BMI at age 35 and subsequent depression, we only considered the

depression diagnosis made at age 35 or after and excluded a depression

diagnosis made before age 35. In building the model, we adjusted the model

for age only at first and for education when calculating the OR for the body

size/lifetime depression association. Regarding current depression, we

adjusted for age only at first, and demographic factors such as education,

income and marital status were added to the model. After adjusting for factors
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related to life styles such as alcohol consumption, cigarette smoking and

exercise frequency, the number of comorbidities was also added to the model.

In computing the association between BMI and depression diagnosed by a

physician at each time point, we excluded those participants who were

diagnosed at a younger age than the age of weight description. In women, we

stratified the participants by menopausal status to explore any differences in

the association between each BMI category and depression diagnosis.

Weight change was calculated in two different manners: 1) weight

change from measured weight at the baseline survey and recalled weight at

age 18-20 divided by interval periods, and 2) weight change between the

highest and lowest weight after age 18. When we calculated the weight change

using the latter method, the time sequence was considered. For example, if the

age at the highest weight occurred before the age of the lowest weight, weight

change was calculated as a negative value. Conversely, if the age at the highest

weight was after the age of the lowest weight, the weight change was

calculated as a positive value. To explore the association between weight

change and depressive symptoms, we asked, “Are you currently experiencing

a depressive disorder?” This question was asked of participants who said that

they had been diagnosed with depression by a physician, and the CES-D scores

were used. Using quartile and decile distribution, the participants were
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grouped by the magnitude of weight change. ORs and 95% confidence

intervals (CIs) were computed for each stratum.

We also applied the Cox proportional hazards regression model to

evaluate the relationship between BMI at various time points and further

occurrences of depression. The assumption of proportional hazards was

checked by examining a graph of the log-log plot. The times of initiation were

at ages 18-20, 35 and 50 years and at the ages with the highest and lowest BMI.

The outcome was depression diagnosis by a physician. Subtracting the age of

depression diagnosis or censoring from the age of 18 or 20 calculated survival

time. If the participants showed no result of depression diagnosis, the age at

the baseline survey was established as the censored value.

To evaluate the joint effect of baseline BMI and weight change on

depression, we conducted a joint analysis by categorizing 15 groups with 5

baseline BMI categories and 3 categories of weight change (weight loss group

from the lowest decile and weight gain group from the highest decile of weight

change). With weight change from age 18-20 to the present, current depression

diagnosed by a physician was used as the outcome. For weight change

measured between the highest and the lowest BMIs, the CES-D score was used

as an outcome.
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All of the statistical analyses were conducted with SAS software

version 9.3 (SAS Institute Inc., Cary, NC, USA). To indicate statistical

significance, two-sided P-values less than 0.05 were used.
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4. RESULTS

4.1 Systematic review and meta-analysis

4.1.1 Included and excluded studies

A total of 26,868 abstracts were studied (18,959 from PubMed, 4,400

from Embase, 3,496 from the Cochrane Library and 3 from a hand search).

After removing 2,744 duplicated publications, a total of 24,124 studies were

included after review of the title and full text by 5 researchers (four medical

doctors and one researcher in preventive medicine). Most of the studies were

conducted with irrelevant subjects, were animal studies or were not original

articles. Studies excluded in the final stage were primarily articles with data

that were inappropriate for the meta-analysis. An additional 25 studies were

excluded because other studies had been conducted in the same population,

which was confirmed by two independent researchers. In this case, we selected

the most recent study. We included a total of 183 studies in the final analysis

(Figure 8).

Of those 183 studies, 8 studies were conducted with randomized

controlled trials and 72 studies were conducted in a cohort design. All but 1 of

the cohort studies were conducted using a prospective cohort design. A total
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of 6 studies were conducted using a case-control design, including 1 nested

case-control study in a cohort. A total of 97 studies had a cross-sectional

design.

Several studies attempted to identify the influence of obesity on

depression by setting the exposure as a BMI of less than 30 kg/m2. Children’s

body size was mostly measured by BMI percentage; a BMI of less than 85%

was generally the reference range; however, 2 studies set a 5-85% BMI range

as the reference. There were studies measuring exposure by WC, and the

majority of studies used 102 and 88 cm in men and women, respectively, as

the cutoff values. Weight change included weight gain and weight loss. The

characteristics of the selected studies are presented in Table 10. A total of

6,788,834 participants were included in this analysis.
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Figure 8. Selection of the publications
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In the 183 studies included in the analysis, data on body size were

expressed with indicators such as BMI, WC, BF or WHR. In these results, the

majority of the studies applied the World Health Organization’s definition of

BMI criteria (294). A total of 137 studies (1,508,013 subjects) evaluated the

link between body size at baseline and the development of depression at

follow-up, 33 studies (3,447,413 subjects) examined the inverse relationship

and 13 studies (1,830,228 subjects) tested in both directions. Forty studies

applied a physicians’ depression assessment or the structured diagnostic

interview. Another 143 studies applied the self-reported depression scale to

define depression. A total of 120 studies contributed to the summary estimate

because those studies use common definitions as exposures.

112

112



4.1.2 BMI affecting subsequent depression

4.1.2.1 RCT design

Only one study examined the relationship between baseline obesity and

subsequent depression. This study showed a significantly increased OR of

depression in people with obesity. Among 3 studies that examined the relationship

between weight change and subsequent depression, the result with random effects

showed no statistical significance and showed a high heterogeneity (for

heterogeneity, p-value<0.001). In the subgroup analysis, the summary of results

showed significantly different ORs when comparing the results by definition of

depression. Because there were no significant results for self-reported depression,

people showed a protective effect of weight change on diagnostic depression

(Table 11).
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Table 11. Results for overall and subgroup analysis in RCT design
No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

P-value
Heterog
eneity

I2
value

P-value
between
groups

-up (reference: BMI < 30kg/m2)
Overall studies 1 (5,145) 1.27 (1.10-1.47)

-up (reference: No weight change)
Overall studies 3 (2,238) 0.35 (0.10-1.25) 36.7 <0.001 91.8
Subgroup analysis

Continent 0.055
North America 2 (2,120) 0.23 (0.05-1.07) 14.77 0.001 86.5
Oceania 1 (118) 1.06 (0.78-1.43)

Depression definition <0.001
Doctor diagnosed 1 (1,172) 0.12 (0.05-0.30)
Self-reported 2 (1,066) 1.06 (0.79-1.41) 0 0.975 0
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4.1.2.2 Cohort design

Tables 12 to 17 present the findings regarding body size and weight

change exposure effects on depression both overall and by subgroup analyses

in the cohort studies. In 4 studies with HR results, the exposures focused on a

BMI of 30 kg/m2 or greater with references below 30 kg/m2. The pooled

statistics indicated an increased HR with marginal significance (HR 1.06, 95%

CI 0.95-1.18). However, the I2 value was 71.9%, and the values were similar

during the subgroup analysis. In the subgroup analysis, the participants from

Oceania only showed statistical significance with an increased HR (HR 1.31,

95% CI 1.05-1.64) (Table 12).

Table 13 presents the overall and subgroup analysis of baseline BMI

and subsequent depression in adult cohort studies. Figure 9 presents the pooled

ORs of later depression for people with a BMI below 18.5 kg/m2 at baseline

with a reference BMI of 18.5-24.9 kg/m2. The pooled OR for 6 studies with a

BMI below 18.5 kg/m2 for exposure was 1.16 with statistical significance (95%

CI 1.08-1.24), and the I2 value was 9.3%, suggesting that there were no

substantial systematic deviations between the ORs of the studies. In the

subgroup analysis, underweight men showed a pooled OR of 1.21 (95% CI

1.04-1.40), and the percentage of total difference across 6 studies with
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corresponding data was small to moderate (I2=32.1%). Underweight women

showed a pooled OR of 1.12 (95% CI 0.98-1.28), and there was no significant

heterogeneity (p-heterogeneity 0.473). The subgroup for which depression

was defined by a self-reported scale did not show significant results, and the

group for which depression was defined by clinical diagnostic tools showed a

pooled OR of 1.14 (95% 1.9-1.19) with an I2 of 0%. Subgroup analyses

conducted by continent of residence indicated differences; a study conducted

in North America showed a decreased OR of 0.60, whereas a pooled OR for

European studies showed an OR of 1.16 (95% CI 1.05-1.28). However, the

overall difference by continent of residence was not significant (p-value 0.403).

Six studies evaluated the effects of being overweight and later

depression. People in the BMI range of 25-29.9 kg/m2 with a reference BMI

of 18.5-24.9 kg/m2 showed a pooled OR of 1.02 without statistical significance

(95% CI 0.84-1.23). However, the result showed significant heterogeneity

with an I2 value of 92.0%. This heterogeneity between studies decreased when

the subgroup analyses by gender were conducted. In overweight men, the

pooled OR was 0.84 with statistical significance (95% CI 0.72-0.97). The

proportion of heterogeneity in the total variation was moderate (I2=50.6%).

The pooled OR showed that being overweight had a protective effect in men,

whereas women showed an increased OR with statistical significance (OR
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1.16, 95% CI 1.07-1.25). Restricting the results to women only, the

heterogeneity decreased substantially to an I2 of 11.4%. The pooled ORs

between overweight men and women showed significant differences (p-

value<0.001), which indicates that being overweight has a protective effect

against depression in men, whereas women presented opposite results (Figures

10 to 12).

In obese participants with a BMI of 30 kg/m2 or greater with reference to a

BMI of 18.5-24.9 kg/m2, the overall pooled OR was 1.13 (95% CI 0.96-1.34).

Heterogeneity was significant (p-heterogeneity<0.001) with an I2 value of

82.2%. However, this high heterogeneity decreased to an I2 value of 0% in

certain strata (women, depression defined with self-reported scales and the

European group) of the subgroup analysis. First, the subgroup analysis by

gender showed a significantly increased pooled OR for women (OR 1.26, 95%

CI 1.15-1.38), whereas men showed no statistically significant results (OR

1.03, 95% 0.82-1.30). The pooled OR for depression was 0.94 (95% CI 0.69-

1.27) for depression defined by clinical diagnostic tools; the OR increased

significantly (OR 1.23, 95% CI 1.13-1.33) in people using self-reporting

depression scales. Contrary to the high heterogeneity in the overall analysis,

the subgroup analyses differed by continent of residence, leading to decreased

heterogeneity. Studies conducted in North America presented an OR of 1.20
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(95% CI 0.95-1.53) with an I2 of 20.7%, whereas studies conducted in Europe

showed a significantly increased OR (OR 1.23, 95% CI 1.13-1.33) and an I2

of 0%. Only one cohort study presented the results for people with a BMI of

40 kg/m2 or greater with reference to a BMI of 18.5-24.9 kg/m2, and in this

study, both men and women showed significantly different results: men

showed a decreased OR without statistical significance (OR 0.48, 95% CI

0.13-1.76), and women showed a significantly increased OR (OR 2.72, 95%

1.04-7.09).

A total of 5 cohort studies were conducted with people with a BMI of

30 kg/m2 or greater with a reference BMI of less than 30 kg/m2. The pooled

OR for later depression was 1.41 (95% CI 1.22-1.63) with no heterogeneity

(I2=0%). In the subgroup analysis based on the definition of the depression,

the OR for depression was 1.79 (95% CI 1.06-3.02) for clinical diagnostic

tools and 1.38 (95% CI 1.18-1.61) for self-reported depression scales. By the

continent of residence, studies conducted in North America showed a pooled

OR of 1.60 (95% CI 1.29-1.98), and studies conducted in Europe presented an

OR of 1.26 (95% CI 1.04-1.54). The difference between these OR results was

not significant (p-value 0.107). No significant difference between people with

or without metabolic syndromewas identified (with metabolic syndrome (MS):

OR 1.45, 95% CI 1.10-1.92/without MS: OR 1.41, 95% CI 1.17-1.68).
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Figure 9. Forest plot of overall studies describing underweight (bodymass
index <18.5kg/m2) with following depression in cohort design.

OR indicates odd ratio; CI, confidence interval.
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Figure 10. Forest plot of overall studies describing overweight (body mass
index 25-29.9kg/m2) with following depression in cohort design.
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Figure 11. Forest plot of overall studies describing overweight (body mass
index 25-29.9kg/m2) with following depression in cohort design, men only
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Figure 12. Forest plot of overall studies describing overweight (body mass
index 25-29.9kg/m2) with following depression in cohort design, women
only
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Table 14 presents the results for the overall and subgroup analysis of

baseline WC and depression in the adult cohort study. When central obesity was

defined as aWC greater than 102 cm in men and 88 cm in women with a reference

of less than 102 cm in men and 88 cm in women, the overall pooled OR was 1.38

with statistical significance (95% CI 1.17-1.62); heterogeneity was not observed

(I2=0%). In the subgroup analysis by gender, men showed a pooled OR of 1.44

(95%CI 1.08-1.92), and women showed a pooled OR of 1.29 (95%CI 0.98-1.70);

however, the difference was not statistically significant (p-value 0.588). In

addition, there were no significant differences in the subgroup analysis by

continent of residence or by the presence of metabolic syndrome.
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Table 15 presents the results for the overall and subgroup analysis of

baseline birth weight and lifetime depression in the cohort studies. Two studies

referenced birth weight in the range of 2,500-4,000 g. When the birth weight

was less than 2,500 g, the pooled OR was 2.18 (95% CI 0.90-9.44). However,

those 2 studies showed significant heterogeneity (p-heterogeneity 0.003).

Table 16 presents the results for overall and subgroup analyses of

baseline BMI and depression in a children’s cohort study (under age 18).When

the reference BMI was less than 85%, 4 studies presented the results for

children with a BMI in the 85-95% range, and 5 studies showed results for

children with a BMI greater than 95%. Children who had a baseline BMI in

the 85-95% range did not present any significant results (OR 1.10, 95% CI

0.80-1.51). However, when children had a baseline BMI greater than 95%, the

overall pooled OR increased significantly (OR 1.58, 95% CI 1.21-2.06) with

moderate heterogeneity (I2=45.2%). Subgroup analyses by gender, definition

of depression and continent of residence did not present any significant

differences between each set of strata.

In Table 16, when the normal BMI in children was defined as 5-85%,

the children who were underweight (<5%) or obese ( 85%) showed no

significant results in the overall and subgroup analyses.
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Table 15. Results for overall and subgroup analysis of baseline birth
weight and lifetime depression in cohort study

No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

P-value
Hetero-
geneity

I2
value

P-value
between
groups

Birth weight <2,500g Depression at Follow-up (reference :birth weight 2,500-4,000g )
Overall studies 2 (45,040) 2.18 (0.50-9.44) 9.10 0.003 89.0
Subgroup analysis

Sex
Women 1 (41,144) 1.11 (0.95-1.30)

Continent 0.003
North America 1 (3,896) 5.00 (1.90-13.10)
Europe 1 (41,144) 1.11 (0.95-1.30)

Birth weight <2,500g Depression at Follow-up (reference :birth weight >3,500g )
Overall studies 1 (8,292) 1.22 (0.93-1.60)
Subgroup analysis

Sex 0.561
Men 1 (3,745) 1.10 (0.70-1.70)
Women 1 (4,547) 1.30 (0.90-1.80)

Birth weight 2,501-3000g Depression at Follow-up (reference :birth weight >3,500g )
Overall studies 1 (8,292) 1.30 (1.13-1.50)
Subgroup analysis

Sex 1.000
Men 1 (3,745) 1.30 (1.00-1.50)
Women 1 (4,547) 1.30 (1.00-1.50)

Birth weight 3,001-3,500g Depression at Follow-up (reference :birth weight >3,500g )
Overall studies 1 (8,292) 1.00 (0.80-1.20)
Subgroup analysis

Sex 1.000
Men 1 (3,745) 1.00 (0.80-1.20)
Women 1 (4,547) 1.00 (0.80-1.20)
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Table 16. Results for overall and subgroup analysis of baseline body mass index
and depression in children cohort study

No. of studies
(Sample size) OR (95% CI) Q-

statistic

P-value
Hetero-
geneity

I2 value
P-value
between
groups

BMI 85-95% at Baseline Depression at Follow-up (reference : BMI <85% )
Overall studies 4 (4,505) 1.10 (0.80-1.51) 3.89 0.421 0.0
Subgroup analysis

Sex 0.843
Boy 1 (342) 0.90 (0.30-2.40)
Girl 2 (828) 0.80 (0.47-1.36) 0.42 0.518 0.0

Continent 0.068
North America 3 (3,468) 0.84 (0.54-1.29) 0.50 0.919 0.0

Europe 1 (1,037) 1.50 (0.96-2.34)

BMI >95% at Baseline Depression at Follow-up (reference : BMI <85% )
Overall studies 5 (5,423) 1.58 (1.21-2.06) 16.43 0.058 45.2
Subgroup analysis

Sex 0.599
Boy 1 (342) 1.30 (0.50-3.50)
Girl 3 (1,502) 1.74 (1.08-2.83) 9.47 0.050 57.8

Depression definition 0.785
Doctor diagnosed 4 (4,505) 1.63 (1.10-2.41) 4.12 0.390 2.9
Self-reported 1 (674) 1.45 (0.69-3.05)

Continent 0.225
North America 4 (4,386) 1.74 (1.22-2.50) 10.34 0.111 42.0
Oceania 1 (1,037) 1.00 (0.44-2.27)

BMI <5% + 85% at Baseline Depression at Follow-up (reference : BMI 5-85% )
Overall studies 2 (15,419) 0.92 (0.70-1.22) 21.19 <0.001 81.1
Subgroup analysis

Sex
Men 1 (6,657) 1.21 (0.58-2.51)
Women 2 (8,762) 0.78 (0.53-1.15) 12.48 0.002 84.0
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Table 17 presents the results of the overall and subgroup analyses of

weight change and later depression in the cohort studies. The pooled OR for 6

selected studies for the association between any weight change and later

depression was 1.06, with marginal significance (95% CI 0.99-1.15). The

heterogeneity for this group was slight to moderate (I2=29.7%). Although men

showed no significant result (OR 0.99, 95% CI 0.83-1.17), women showed a

pooled OR of 1.09 (95% CI 1.00-1.19). There was no significant difference when

comparing by age groups. One study that was conducted using clinical diagnostic

tools to define depression reported an OR of 0.94 (95% CI 0.82-1.08), whereas

the pooled OR of 5 studies conducted using self-reporting depression scales was

1.09 (95% CI 1.01-1.18). However, there was no significant difference by the

definition of depression or between subgroups by continent of residence.

When the exposure was confined to weight gain, 5 studies were selected

as having relevant results. However, the overall pooled results were not

significant with an I2 value of 45.7%. Because the results from one study (Frisco,

2013) caused the study to be considered an outlier, we repeated the analysis with

the exclusion this study. The heterogeneity decreased (I2=0%); however, the

pooled OR remained insignificant (OR 1.03, 95% CI 0.96-1.11). In the subgroup

analysis, people aged 19-50 and people who defined their depression using

clinical diagnostic tools showed an increased pooled OR with marginal
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significance (people aged 19-50: OR 1.11, 95% CI 1.00-1.23/people with doctor-

diagnosed depression: OR 0.90, 95% CI 0.79-1.13).

When restricting the exposure to weight loss only, 4 studies were selected,

presenting a pooled OR of 1.05 (95% CI 0.94-1.17) with an I2 of 0%. Although

men showed a decreased OR without statistical significance (OR 0.90, 95% 0.60-

1.24), women showed an increased pooled OR with marginal statistical

significance (OR 1.06, 95% CI 0.95-1.19). However, no results in the subgroup

analyses showed statistical significance.
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Table 17. Results for overall and subgroup analysis of weight change and
depression in cohort study

No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

p-value
Hetero-
geneity

I2
value

p-value
between
groups

Weight change (yes or no) Depression Follow-up (reference : No weight change )
Overall studies 6 (66,320) 1.06 (0.99-1.15) 19.91 0.133 29.7
Subgroup analysis

Sex 0.327
Men 2 (18,632) 0.99 (0.83-1.17) 0.68 0.712 0.0
Women 4 (26,063) 1.09 (1.00-1.19) 14.58 0.148 31.4

Age at baseline
18 1 (15,247) 1.03 (0.87-1.23) 0.025 0.826 0.0 0.629

19 5 (51,073) 1.08 (0.99-1.17) 19.78 0.071 39.3

19-50 3 (16,272) 1.11 (1.02-1.21) 12.61 0.181 28.6 0.448
Depression definition 0.067

Doctor diagnosed 1 (34,653) 0.94 (0.82-1.08)
Self-reported 5 (31,667) 1.09 (1.01-1.18) 16.00 0.191 25.0

Continent 0.590
North America 2 (40,779) 1.21 (0.94-1.55) 14.18 0.014 64.7
Europe 3 (19,206) 1.05 (0.92-1.20) 4.60 0.330 13.1
Asia 1 (6,335) 1.06 (0.98-1.15)

Weight change (per BMI 1) Depression Follow-up (reference : No weight change )
Overall studies 3 (5,208) 1.04 (0.98-1.10) 9.52 0.009 79.0

1 study(Bell, 2007)
excluded 2 (5,031) 1.03 (0.98-1.08) 4.93 0.026 79.7

Subgroup analysis
Sex 0.458

Men 1 (366) 1.20 (0.85-1.69)
Women 1 (440) 1.05 (0.97-1.14)

Age at baseline 0.082
18 2 (983) 1.14 (1.00-1.31) 59.97 < 0.001 93.3

19 1 (4,225) 1.01 (0.99-1.03)
Continent 0.008

North America 2 (983) 1.14 (1.00-1.31) 59.97 < 0.001 93.3
Oceania 1 (4,225) 1.01 (0.99-1.03)
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Weight gain (yes or no) Depression Follow-up (reference : No weight change )
Overall studies 5 (66,172) 1.08 (0.98-1.20) 16.56 0.056 45.7

1 study(Frisco
2013) excluded 4 (58,741) 1.03 (0.96-1.11) 5.44 0.489 0.0

Subgroup analysis
Sex 0.296

Men 2 (18,632) 1.01 (0.83-1.23) 0.36 0.547 0.0
Women 4 (24,862) 1.15 (0.99-1.32) 14.06 0.029 57.3

Age at baseline
19-50 4 (31,519) 1.11 (1.00-1.23) 1.288 0.116 37.9

Depression
definition 0.057

Doctor diagnosed 1 (34,653) 0.90 (0.79-1.13)
Self-reported 4 (31,519) 1.10 (1.00-1.23) 12.88 0.116 37.9

Continent 0.530
North America 2 (40,779) 1.36 (0.89-2.09) 13.80 0.003 78.3
Europe 2 (19,058) 1.06 (0.94-1.19) 1.72 0.633 0.0
Oceania 1 (6,335) 1.06 (0.96-1.17)

Comorbid disease 0.551
With diabetes 1 (6,335) 1.06 (0.96-1.17)
Without diabetes 4 (59,837) 1.12 (0.96-1.30) 15.52 0.030 54.9

Weight loss (yes or no) Depression Follow-up (reference : No weight change )
Overall studies 4 (47,262) 1.05 (0.94-1.17) 3.34 0.503 0.0
Subgroup analysis

Sex 0.399
Men 1 (17,327) 0.90 (0.60-1.24)
Women 3 (29,787) 1.06 (0.95-1.19) 0.36 0.947 0.0

Age at baseline
19-50 2 (12,461) 1.07 (0.95-1.22) 0.13 0.936 0.0

Depression definition 0.592

Doctor diagnosed 1 (34,653) 1.00 (0.79-1.21)
Self-reported 3 (12,609) 1.07 (0.94-1.21) 3.06 0.382 2.1

Continent 0.204
North America 2 (40,779) 1.02 (0.83-1.25) 0.29 0.593 0.0
Europe 1 (148) 0.16 (0.02-1.40)
Oceania 1 (6,335) 1.07 (0.94-1.21)

Comorbid condition 0.204
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No comorbidity 2 (40,779) 1.02 (0.83-1.25) 0.29 0.593 0.0
With diabetes 1 (6,335) 1.07 (0.95-1.21)
With Bariatric
operation 1 (148) 0.16 (0.02-1.40)
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4.1.2.3 Cross-sectional design

Table 18 presents the results for the overall and subgroup analyses of

baseline BMI and depression in the cross-sectional studies of adults. For the 20

selected studies regarding underweight persons (BMI<18.5 kg/m2) with the

reference BMI at 18.5-24.9 kg/m2, the overall pooled OR between underweight

and depression was 1.27 (95% CI 1.10-1.47) with moderate heterogeneity

(I2=51.7). The results in the subgroup analysis by gender, depression definition

and comorbidities such as diabetes, metabolic syndrome or multiple sclerosis did

not show statistically significant differences. Three studies conducted in Oceania

presented a pooled OR of 1.88 (95% CI 1.40-2.40) although studies on other

continents showed different results (North America: OR 1.31 [95%CI 1.14-1.51],

Asia: OR 1.21 [95% CI 0.77-1.90], Europe: OR 1.15 [95% CI 0.93-1.43]). The

differences between these groups were significant (p-value 0.044). In the

subgroup analyses, the groups showed low heterogeneity with an I2 of 0% when

the analyses were confined to men aged 19-50 only, studies from North America

and Oceania and people with diabetes (Figure 13).

In the studies with results for the association between overweight

participants (BMI 25-29.9 kg/m2) and depression, 29 studies were selected with

a reference BMI of 18.5-24.9 kg/m2, which yielded a pooled OR of 0.98 (95% CI

0.91-1.05) with considerable heterogeneity (I2=83.9). Because the study
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conducted by Joseph in 2013 was regarded as an outlier in the overall distribution,

we removed that study and repeated the analysis. The pooled OR of 28 studies

was 1.02 (95% CI 1.00-1.04); however, the heterogeneity was not markedly

changed. In the subgroup analysis by gender, women showed an increased OR

with marginal significance (OR 1.02, 95% CI 0.95-1.15), whereas men did not

show any significant results. In the subgroup analysis by continent of residence,

only the European results showed a pooled OR of 1.08 (95% 0.99-1.16). There

were no other significant results in the subgroup analyses.

There were 24 studies with results for the association between depression

and a BMI of 30 kg/m2 or greater with a reference BMI of 18.5-24.9 kg/m2. The

pooled OR in the overall analysis was 1.25 (95% 1.16-1.34), with considerable

heterogeneity (I2=84.7). The percentage of variation caused by heterogeneity

decreased slightly when subgroup analyses were conducted by gender and age

group. Women showed a more increased OR (OR 1.41, 95% CI 1.23-1.63) than

men (OR 1.07, 95% CI 0.95-1.19), and this difference was statistically significant

(p-value 0.003). One study from the Middle East reported a relatively high OR

(OR 2.36, 95% CI 0.90-6.23); however, overall differences in the results from

other continents were not significant (p-value 0.314). When the subgroup

analyses were conducted according to the presence of each comorbidity, overall

differences between these groups were significant (p-value<0.001) (Figure 14).
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A total of 3 studies reported the association between severe obesity (BMI

40 kg/m2 or greater) and depression. The overall pooled OR was 1.59 (95% CI

1.12-2.24), with substantial heterogeneity (I2=79.5%). Although the study

conducted by Beydoun in 2010 was removed because we regarded the results of

the study to be an outlier, the overall pooled results and heterogeneity did not

change. In the subgroup analyses by gender, the results in women showed

decreased heterogeneity with an OR of 1.76 with marginal significance (95% CI

0.99-3.13). There was no significant difference between strata by other subgroup

analyses such as the definition of depression and continent of residence (Figure

15).

In the WHO criteria for Asian-Pacific regions (295), the reference value

for normal weight is a BMI of 18.5-22.9 kg/m2. Two studies reported the results

for a BMI below 18.5 kg/m2, and the overall pooled OR was 1.14, with marginal

significance (95% CI 1.0-1.30). There was no heterogeneity of the results

between these groups.

Fourteen studies addressed the association between a BMI of 30 kg/m2

or greater compared to people with a BMI less than 30 kg/m2. The overall result

was not significant with considerable heterogeneity. In the subgroup analysis by

gender, the pooled OR for men was 1.19 (95% CI 0.98-1.44) with decreased

heterogeneity (I2=71.4%). The pooled OR for women was 1.39 with statistical
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significance (95% CI 1.15-1.66); however, the heterogeneity was increased

slightly compared to the overall result. When the subgroup analysis was

conducted according to the methods of defining depression, the studies conducted

with clinical diagnostic tools showed decreased heterogeneity (I2=58.8). In the

subgroup analysis by continent of residence, the pooled OR for 2 studies

conducted in Oceania showed a relatively high OR with statistical significance

(OR 2.31, 95% CI 1.90-2.81) compared to the other continents, and the difference

between continents was significant (p-value<0.001). Additionally, people with

diabetes showed higher ORs (OR 1.62, 95% CI 1.37-1.91) than people without

diabetes (OR 1.27, 95% CI 1.13-1.44) and the difference was statistically

significant (p-value 0.02).

141

141



142



143



144



145



146



147



148



149



Figure 13. Forest plot of overall studies describing underweight (bodymass
index <18.5kg/m2, reference 18.5-24.9kg/m2) with depression in cross-
sectional design
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Figure 14. Forest plot of overall studies describing obese (body mass index
30 kg/m2, reference 18.5-24.9kg/m2) with depression in cross-sectional
design
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Figure 15. Forest plot of overall studies describing severely obese (body mass
index 40 kg/m2, reference 18.5-24.9kg/m2) with depression in cross-sectional
design
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Three studies examined a WC greater than 102 cm in men and 88 cm in

women as exposures for depression. The overall pooled OR was 1.20 with

marginal significance (95% CI 0.99-1.46); however, there was also considerable

heterogeneity (I2=96.0%). When the study conducted by Yu et al. in 2014 was

removed, the heterogeneity decreased markedly (I2=27.1%); however, the pooled

OR was not significant. The results were similar when defining central obesity as

a WC greater than 94 cm in men and 80 cm in women or greater than 80 cm in

men and 80 cm in women (Table 19).

Only one cross-sectional study considered previous weight gain to be an

exposure (Table 20).

153

153



154



155



156



Studies were also conducted in children using a cross-sectional design in

which birth weight was regarded as the exposure. Compared to the children within

a BMI range of 85%, children with a BMI greater than 85% showed a pooled OR

of 1.28 (95% CI 1.01-1.62) with an I2 of 61.4%. When the children were in the

BMI range of 85 to 95%, there was an increased OR with statistical significance

(OR 1.62, 95% CI 1.01-2.60). In 2 studies that reported on children with a BMI

greater than 95%, the pooled OR was 1.36 (95% CI 1.19-1.56), with no

heterogeneity (Table 21).

Only one study regarded birth weight as an exposure; the results of this

study showed no statistical significance (Table 22).
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Table 21. Results for overall and subgroup analysis of baseline body mass index
and depression in children cross-sectional study

No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

P-value
Hetero-
geneity

I2
value

P-value
between
groups

MI <85% )
Overall studies 2 (3,038) 1.28 (1.01-1.62) 7.77 0.051 61.4
Subgroup analysis

Sex 0.716
Men 1 (1,156) 1.06 (0.94-1.28)
Women 1 (1,023) 1.11 (1.09-1.61)

BMI 85-
Overall studies 2 (43,758) 1.62 (1.01-2.60) 3.09 0.079 67.7
Subgroup analysis

Continent 0.079
North America 1 (43,297) 1.35 (1.14-1.55)
Asia 1 (461) 2.23 (1.30-3.82)

Overall studies 2 (43,758) 1.36 (1.19-1.56) 0.51 0.474 0.0
Subgroup analysis

Continent 0.479
North America 1 (43,297) 1.68 (0.93-3.02)
Asia 1 (461) 1.35 (1.17-1.55)

-84% )
Overall studies 1 (559) 1.04 (0.58-1.86)

-84% )
Overall studies 1 (559) 0.79 (0.46-1.36)
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Table 22. Results for overall and subgroup analysis of baseline birth
weight and depression in cross-sectional study

No. of
studies
(Sample
size)

OR (95% CI)

Overall studies 1 (85,535) 0.98 (0.54-1.80)
Birthweight 1,500-
Overall studies 1 (85,535) 1.16 (0.77-1.74)

Overall studies 1 (85,535) 1.13 (0.79-1.62)
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There was scant possibility of publication bias for each result except

when evaluating the effect of weight gain alone compared to no weight change

(Egger test bias coefficient 2.12; SE 0.87; p-value 0.04) in the cohort studies

and in the association between a WC greater than 102 cm in men and 80 cm

in women and depression (Egger test bias coefficient 9.86; SE 0.05; p-value

0.004) (Table 23).
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Table 23. Egger test results for publication bias

Reference Value
Egger test

Bias
Coefficient SE P-value

RCT design
No Weight change Weight change per 1kg -4.1409 2.8423 0.282

Cohort design with HR
BMI <30 BMI 30 -0.9030 1.9950 0.670

Cohort design with OR
BMI 18.5-24.9 BMI <18.5 -1.1155 0.4439 0.802

BMI 25-29.9 2.2472 1.1717 0.232
BMI 30 1.4125 1.7298 0.445

BMI <30 BMI 30 2.8081 3.0063 0.393

WC 102(M), 88(F) WC>102(M), >88(F) 0.1374 1.1385 0.912
BMI<85% (Children) BMI 85-95% -0.8366 0.7255 0.301

BMI >95% -1.3051 0.9030 0.186
No Weight change Weight change (gain or lose) 0.6831 0.6949 0.343

Weight change (per BMI 1) 3.7426 2.2891 0.177
Weight gain 2.2121 0.8669 0.040
Weight loss -0.9596 0.7083 0.268

Cross-sectional design
BMI 18.5-24.9 BMI <18.5 0.2160 0.4929 0.665

BMI 25-29.9 -0.7128 0.5348 0.189
BMI 30-39.9
BMI 30 0.9611 0.4962 0.060

BMI 40 0.3006 1.6635 0.868

BMI <30 BMI 30 1.2050 1.1465 0.306

WC 102(M), 88(F) WC>102(M), >88(F) 9.8626 0.0549 0.004

161

161



4.1.3 Results of the quality assessment

We assessed 12 cohort studies and 41 cross-sectional studies that were

included in the meta-analysis for BMI categories with a reference BMI of

18.5-22.9, WC (men>102 cm, women>88 cm), weight change and depression.

A majority of the studies included in the meta-analysis indicated “high

quality”; however, 2 cohort studies and 7 cross-sectional studies contained

more than two items assessed as “low quality” (Tables 24 and 25). A relatively

high proportion of “high risk” and “uncertain” in comparability occurred in

both the cohort and cross-sectional studies (Appendix 2).

We summarized the results by subgroups of high and low quality studies and

compared the results of previous overall pooled ORs with summary ORs of

the high quality articles. No significant differences were identified among the

comparison sets (Tables 26 to 28).
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Table 26. Results for each BMI categories with reference BMI 18.5-24.9 kg/m2

and depression considering quality assessment

No. of studies
(Sample size) OR (95% CI) Q-

statistic

P-value
Hetero-
geneity

I2
value

P-value
between
groups

In cohort study (adult)

Underweight(BMI<18.5 kg/m2)

Total 6 (1,257,109) 1.16 (1.08-1.24) 8.82 0.357 9.3
High quality 4 (1,230,100) 1.12 (1.03-1.22) 5.13 0.4 2.5
Low quality 2 (27,009) 1.25 (1.12-1.40) 1.07 0.586 0

Men 6 (1,203,101) 1.21 (1.04-1.40) 7.36 0.195 32.1 0.451
High quality 4 (1,180,514) 1.14 (1.09-1.19) 2.36 0.5 0
Low quality 2 (11,686) 1.38 (1.16-1.64) 0.64 0.422 0

Women 5 (72,566) 1.12 (0.98-1.28) 3.53 0.473 0 0.133
High quality 3 (49,586) 0.84 (0.59-1.19) 0.46 0.795 0
Low quality 2 (11,693) 1.18 (1.02-1.37) 0 0.973 0

Overweight(BMI<25-29.9 kg/m2)

Total 6 (1,275,140) 1.02 (0.84-1.23) 99.97 <0.001 92
High quality 5 (1,271,800) 1.01 (0.80-1.27) 93.63 <0.001 93.6
Low quality 1 (11,780) 1.07 (0.92-1.25)

Men 6 (1,203,664) 0.84 (0.72-0.97) 10.11 0.072 50.6
High quality 5 (1,201,223) 0.79 (0.68-0.89) 5.15 0.272 22.4
Low quality 1 (5,890) 1 (0.79-1.26)

Women 5 (71,476) 1.16 (1.07-1.25) 4.51 0.341 11.4

High quality 4 (70,578) 1.20 (0.57-1.36) 4.51 0.212 33.4

Low quality 1 (4,422) 1.13 (0.92-1.40)

Obese ( 30 kg/m2)
Total 6 (1,285,890) 1.13 (0.96-1.34) 39.23 <0.001 82.2 1.00

High quality 4 (1,255,552) 1.13 (0.87-1.48) 35.96 <0.001 88.9
Low quality 2 (30,338) 1.16 (1.05-1.29) 0.06 0.97 0

Men 6 (1,209,455) 1.03 (0.82-1.30) 27.47 <0.001 81.8
High quality 4 (1,197,735) 1.07 (0.75-1.53) 25.85 <0.001 88.4
Low quality 2 (11,686) 0.95 (0.74-1.22) 1.58 0.209 36.7

Women 5 (76,435) 1.26 (1.15-1.38) 2.51 0.643 0
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High quality 3 (66,258) 1.23 (1.09-1.38) 1.63 0.442 0

Low quality 2 (11,693) 1.31 (1.14-150) 0.42 0.516 0
In cross-sectional study (adult)

Underweight(BMI<18.5 kg/m2)

Subgroup analysis by data quality
Total 20 (453,938) 1.27 (1.10-1.47) 57.93 0.001 51.7

High quality 16 (378,339) 1.27 (1.10-1.47) 42.17 0.012 43.1
Low quality 4 (75,539) 1.19 (0.69-2.05) 15.35 0.002 80.5

Men
(all high quality) 11 (212,356) 1.29 (1.11-1.50) 8.64 0.567 0.0

Women
(all high quality) 10 (133,751) 1.26 (1.02-1.54) 15.96 0.068 43.6

Overweight(BMI<25-29.9 kg/m2)

Total 29 (558,525) 0.98 (0.91-1.05) 278.96 <0.001 83.9
1 study (Joseph,
2013) excluded 28 (558,295) 1.02 (1.00-1.04) 263.94 <0.001 83.3

High quality 22 (469,286) 0.97 (0.90-1.06) 263.63 <0.001 86.3
Low quality 7 (89,239) 1.00 (0.89-1.12) 14.87 0.062 46.2

Men 15 (230,314) 0.96 (0.88-1.06) 47.26 <0.001 68.3
High quality 13 (225,269) 0.98 (0.89-1.08) 38.24 <0.001 66.0
Low quality 2 (5,045) 0.62 (0.22-1.76) 7.91 0.005 87.4

Women 14 (163,351) 1.04 (0.95-1.15) 49.06 <0.001 71.5
High quality 12 (157,700) 1.03 (0.93-1.15) 49.02 <0.001 75.5
Low quality 2 (5,651) 1.12 (0.93-1.36) 0.03 0.868 0.0

Obese ( 30 kg/m2)
Total 26 (548,407) 1.18 (1.11-1.26) 255.57 <0.001 82.8

High quality 19 (459,198) 1.25 (1.15-1.35) 213.08 <0.001 85.5
Low quality 7 (89,239) 1.19 (0.93-1.51) 46.34 <0.001 82.7

Men 13 (231,219) 1.07 (0.95-1.19) 30.35 0.004 57.2
High quality 12 (230,203) 1.07 (0.96-1.20) 27.36 0.007 56.1
Low quality 1 (1,016) 0.28 (0.06-1.22)

Women 12 (159,521) 1.41 (1.23-1.63) 58.99 <0.001 79.7
High quality 11 (158,292) 1.43 (1.24-1.65) 58.11 <0.001 81.1
Low quality 1 (1,229) 0.86 (0.38-1.94)

Obese ( 40 kg/m2)
Total

(all high quality) 3 (155,663) 1.59 (1.12-2.24) 19.51 0.001 79.5
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1 study
(Beydoun, 2010)

excluded
2 (153,446) 1.56 (1.18-2.08) 9.68 0.008 79.3

Men 2 (82,857) 0.51 (0.06-4.14) 6.78 0.009 85.3
Women 2 (64,033) 1.76 (0.99-3.13) 2.04 0.153 51.0
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Table 27. Results for baseline waist circumference (>102cm (M)/>88cm (F)
vs. 102cm (M)/ 88cm (F)) and depression considering quality assessment

No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

P-
value

Hetero-
geneity

I2
value

P-value
between
groups

Cohort study (adult)
Total 4 (8,464) 1.38 (1.17-1.62) 2.62 0.854 0

High quality 3 (7,297) 1.35 (0.13-1.61) 2.25 0.813 0
Low quality 1 (1,167) 1.55 (1.02-2.34)

Men 2 (1,935) 1.44 (1.08-1.92) 0.23 0.89 0
High quality 1 (768) 1.35 (0.91-2.00)
Low quality 1 (1,167) 1.55 (1.02-2.34)

Women
(All high quality) 3 (6,529) 1.29 (0.98-1.70) 2.02 0.365 0.8

Cross-sectional study (adult)
Overall studies
(All high quality) 3 (5,856) 1.20 (0.99-1.46) 49.78 <0.001 96.0

1 study
(Yu, 2014) excluded 2 (1,345) 1.00 (0.96-1.04) 1.37 0.242 27.1
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Table 28. Results for weight change and depression in cohort study
considering quality assessment

No. of
studies
(Sample
size)

OR (95% CI) Q-
statistic

P-value
Hetero-
geneity

I2
value

P-value
between
groups

Weight change (yes or no) Depression Follow-up (reference : No weight change )
Total 6 (66,320) 1.06 (0.99-1.15) 19.91 0.133 29.7 1.00

High quality 5 (62,509) 1.06 (0.98-1.16) 18.31 0.107 34.5

Low quality 1 (3,811) 1..08 (0.89-1.32)

Men 2 (18,632) 0.99 (0.83-1.17) 0.68 0.712 0

High quality 1 (21,547) 1.00 (0.79-1.28)

Low quality 1 (4,029) 0.97 (0.76-1.23)

Women 4 (38,430) 1.09 (1.00-1.19) 14.58 0.148 31.4

High quality 3 (34,008) 1.09 (0.99-1.19) 13.77 0.131 34.6

Low quality 1 (4,422) 1.19 (0.95-1.48)

Weight gain (yes or no) Depression Follow-up (reference : No weight change )
Total 5 (66,172) 1.08 (0.98-1.20) 16.56 0.056 45.7
1 study
(Frisco 2013)
excluded

4 (58,741) 1.03 (0.96-1.11) 5.44 0.489 0.0

High quality 4 (62,361) 1.09 (0.96-1.24) 14.97 0.036 53.2

Low quality 1 (2,506) 1.08 (0.89-1.32)

Men 2 (18,632) 1.01 (0.83-1.23) 0.36 0.547 0.0

High quality 1 (21,547) 1.10 (0.81-1.57)

Low quality 1 (4,029) 0.97 (0.76-1.23)

Women 4 (24,862) 1.15 (0.99-1.32) 14.06 0.029 57.3 1.00
High quality 3 (34,008) 1.15 (0.97-1.37) 13.37 0.020 62.6

Low quality 1 (4,422) 1.19 (0.95-1.48)

Weight loss (yes or no) Depression Follow-up (reference : No weight change )
Total

(All high quality) 4 (47,262) 1.05 (0.94-1.17) 3.34 0.503 0.0

Men 1 (17,327) 0.90 (0.60-1.24)

Women 3 (29,787) 1.06 (0.95-1.19) 0.36 0.947 0.0
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4.2 The HEXA study

4.2.1 Distribution of baseline characteristics

Table 29 assesses the distribution of general factors by diagnosis of

depression. Of the 3,421 participants who were diagnosed with depression by

physicians, the mean age at diagnosis was 47.7 years (50.3 years in men and

47.3 years in women). More men and women in the “underweight” and “obese

II” groups tended to have depression. Participants who were older, had less

family income and less education were more likely to be diagnosed with

depression. Participants who were married or cohabited with their partners had

fewer depression diagnoses. People diagnosed with depression more often

tended to be ex-drinkers and smokers, to have more comorbidities and to

report their health status as “very bad”. Additionally, these participants

reported more frequent exposure to a stressful environment.

In Tables 30 and 31, the distribution of general characteristics and

factors regarding mental health are presented according to the CES-D scores

with a cutoff point of 16 in those who participated in the measurement in 2009.

The general characteristics all showed a similar distribution compared to the

distribution of depression diagnosed by a physician.
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Table 30. General characteristics of participant by CES-D score in the HEXA 2004-
2012

N=21,705

Men (N=8,043) Women (N=13,662)

CES-D <16 CES-D 16
p-

value CES-D <16 CES-D 16 p-value

General factors N(%) N(%) N(%) N(%)

BMI (kg/m2) 0.623 0.708

<18.5 100 (1.3) 8 (2.0) 235 (1.9) 20 (1.6)

18.5-22.9 2,216 (29.0) 126 (31.3) 5,244 (42.2) 517 (42.0)

23-24.9 2,284 (29.9) 112 (27.8) 3,264(26.3) 314 (25.5)

25-29.9 2,815 (36.9) 145 (36.0) 3,300 (26.6) 334 (27.1)

225 (3.0) 12 (3.0) 388 (3.1) 46 (3.7)

Age (Years) 0.071 <0.001

35-46 2,169 (28.4) 125 (31.0) 3,264 (26.3) 275 (22.3)

47-52 1,600 (20.9) 93 (23.1) 3,324 (26.7) 317 (8.7)

53-59 1,702 (22.3) 95 (23.6) 3,230 (26.0) 325 (26.4)

60-74 2,169 (28.4) 90 (22.3) 2,613 (21.0) 314 (25.5)

<0.001 <0.001

<1,000,000 633 (8.3) 64 (15.9) 1,544 (12.4) 341 (27.7)

1,000,000-1,999,999 1,463 (19.2) 83 (20.6) 2,679 (21.6) 277 (22.5)

2,000,000-3,999,999 3,363 (44.0) 150 (37.2) 4,772 (38.4) 335 (27.2)

4,000,000-5,999,999 1,154 (15.1) 61 (15.1) 1,582 (12.7) 106 (8.6)

604 (7.9) 22 (5.5) 814 (6.6) 50 (4.1)
Education attainment
(years) 0.004 <0.001

<6 100 (1.3) 6 (1.5) 405 (3.3) 84 (6.8)

6-8 589 (7.7) 26 (6.5) 2,025 (16.3) 267 (21.7)

9-11 1,065 (13.9) 81 (20.1) 2,458 (19.8) 265 (21.5)

5,828 (76.3) 284 (70.5) 7,454 (60.0) 606 (49.2)

Marital Status <0.001 <0.001
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Never married 223 (2.9) 17 (4.2) 267 (2.2) 36 (2.9)
Married-living apart or
divorced 255 (3.3) 32 (7.9) 1,235 (9.9) 230 (18.7)

Married or cohabited-
living together 7,151 (93.6) 354(87.8) 10,920

(87.8) 963 (78.2)

Alcohol consumption 0.014 <0.001

Never drinker 1,441 (18.9) 65 (16.1) 8,114 (65.3) 742 (60.3)

Past drinker 539 (7.1) 37(9.2) 194 (1.6) 57 (4.6)

Current drinker 5,654 (74.0) 299 (74.2) 4,106 (33.0) 419 (34.0)

Cigarette Smoking 0.010 <0.001

Never smoker 1,979 (25.9) 97 (24.1) 12,031
(96.8)

1,144
(92.9)

Past smoker 2,955 (38.7) 132 (32.8) 130 (1.1) 19 (1.5)

Current smoker 2,695 (35.3) 174 (43.2) 259 (2.1) 62(5.0)

Usual exercise frequency 0.215 <0.001

No 3,472 (45.5) 208 (51.6) 6,385 (51.4) 724 (58.8)

1-2/week 1,533 (20.1) 72 (17.9) 1,521 (12.2) 129 (10.5)

3-4/week 1,304 (17.1) 64 (15.9) 2,320 (18.7) 202 (16.4)

5-6/week 592 (7.8) 28 (7.0) 1,281 (10.3) 98 (8.0)

everyday 730 (9.6) 30 (7.4) 911 (7.3) 75 (6.1)

Number of comorbid diseases2 <0.001 <0.001

None 5,196 (68.0) 238 (59.1) 9,034 (72.7) 784 (63.7)

1 1,959 (25.6) 118 (29.3) 2,933 (23.6) 371 (30.1)

2+ 485 (6.4) 47 (11.7) 464 (3.7) 76 (6.2)

Self-rated health <0.001 <0.001

Very good 254 (3.3) 3 (0.7) 224 (1.8) 12 (1.0)

Good 3,518 (46.1) 61 (15.1) 4,690 (37.7) 165 (13.4)

Fair 3,080 (40.3) 160 (39.7) 5,559 (44.7) 498 (40.5)

Bad 756 (9.9) 159 (39.5) 1,895 (15.2) 491 (39.9)

Very bad 30 (0.4) 17 (4.2) 52 (0.4) 63 (5.1)

1. Sum of numbers can miss the total number in group due to missing values.

2. Number of comorbid diseases were counted with presence of diseases such as myocardial infarction,
cerebrovascular disease, diabetes mellitus, peptic ulcer disease, liver diseases and any cancers.
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Table 31. Characteristics according mental health of participant by CES-D score
in the HEXA 2004-2012

N=21,705

Men (N=8,043) Women (N=13,662)

CES-D <16 CES-D
16

p-
value CES-D <16 CES-D 16 p-

value
Mental health
factors N(%) N(%) N(%) N(%)

Stress exposure <0.001 <0.001

No 5,153 (67.5) 93 (23.1) 7,029 (56.5) 180 (14.6)

Occasional 2,144 (28.1) 216 (53.6) 4,530 (36.4) 613 (49.8)

Frequent 339 (4.4) 92 (22.8) 857 (6.9) 435 (35.3)

Self-reported depression (lifetime) <0.001 <0.001

No 7,608 (99.6) 230 (94.3) 12,213 (98.3) 1,116 (90.7)
Yes 32 (0.4) 23 (5.7) 218 (1.8) 115 (9.3)

Self-reported depression (current) <0.001 <0.001

No 7,614 (99.7) 381 (94.5) 12,267 (98.7) 1,134 (92.1)

Yes 26 (0.3) 22 (5.5) 163 (1.3) 97 (7.9)

CES-D items
0=less than one day per week; 1=1-2 days per week; 2=3-4 days per week; 5+ days per week

1. "I was bothers by things that don't usually
bother me" <0.001 <0.001

0-1 7,597 (99.4) 310 (76.9) 12,228 (98.4) 783 (63.6)

2-3 43 (0.6) 93 (23.1) 203 (1.6) 448 (36.4)

2. "I did not feel like eating: my appetite was
poor" <0.001 <0.001

0-1 7,591 (99.4) 341 (84.6) 12,268 (98.7) 934 (75.9)

2-3 49 (0.6) 62 (15.4) 163 (1.3) 297 (24.1)

3. "I felt I could not shake off the blues" <0.001 <0.001

0-1 7,605 (99.5) 316 (78.4) 12,341 (99.3) 816 (66.3)

2-3 35 (0.5) 87 (21.6) 90 (0.7) 415 (33.7)

4. "I had troubles keeping my mind on what I
was doing" <0.001 <0.001
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0-1 7,577 (99.2) 278 (69.0) 12,309 (99.1) 832 (67.6)

2-3 63 (0.8) 125 (31.0) 122 (1.0) 399 (32.4)

5. "I was happy" <0.001 <0.001

0-1 157 (2.1) 212 (52.6) 271 (2.2) 561 (45.6)

2-3 7,483 (98.0) 191 (47.4) 12,160 (97.8) 670 (54.5)

6. "I felt depressed" <0.001 <0.001

0-1 7,611 (99.6) 282 (70.0) 12,317 (99.1) 728 (59.1)

2-3 29 (0.4) 121 (30.0) 114 (0.9) 503 (40.9)

7. "I felt everything I did was an effort" <0.001 <0.001

0-1 7,565 (99.0) 230 (57.1) 12,292 (98.9) 628 (51.0)

2-3 75 (1.0) 137 (42.9) 139 (1.1) 603 (49.0)

8. " I felt hopeless about the future" <0.001 <0.001

0-1 7,586 (99.3) 237 (58.8) 12,361 (99.4) 728 (59.1)

2-3 54 (0.7) 166 (41.2) 70 (0.6) 503 (40.9)

9. "I thought my life had been a
failure" <0.001 <0.001

0-1 7,524 (98.7) 244 (60.6) 12,302 (99.0) 778 (63.2)

2-3 98 (1.3) 159 (39.5) 129 (1.0) 453 (36.8)

10. "I felt as good as other people" <0.001 <0.001

0-1 493 (6.5) 196 (48.6) 1,050 (8.5) 600 (48.7)

2-3 7,147 (93.6) 207 (51.4) 11,381 (91.6) 631 (51.3)

11. " My sleep was restless" <0.001 <0.001

0-1 7,353 (96.2) 241 (59.8) 11,505 (92.6) 620 (50.4)

2-3 287 (3.8) 162 (40.2) 926 (7.5) 611 (49.6)

12. " I felt fearful" <0.001 <0.001

0-1 7,618 (99.7) 292 (72.5) 12,376 (99.6) 845 (68.6)

2-3 22 (0.3) 111 (27.5) 55 (0.4) 386 (31.4)

13. " I talked less than usual" <0.001 <0.001

0-1 7,483 (98.0) 243 (60.3) 12,283 (98.8) 781 (63.4)

2-3 157 (2.1) 160 (39.7) 148 (1.2) 450 (36.6)

14. "I felt lonely" <0.001 <0.001

0-1 7,522 (98.5) 227 (56.3) 12,261 (98.6) 659 (53.5)
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2-3 118 (1.5) 176 (44.7) 170 (1.4) 572 (46.5)

15. "I enjoyed life" <0.001 <0.001

0-1 313 (4.1) 243 (60.3) 531 (4.3) 656 (53.3)

2-3 7,327 (95.9) 160 (39.7) 11,900 (95.7) 575 (46.7)

16. "People were unfriendly" <0.001 <0.001

0-1 7,589 (99.3) 321 (79.7) 12,376 (99.6) 1,056 (85.8)

2-3 51 (0.7) 82 (20.4) 55 (0.4) 175 (14.2)

17. "I had crying spells" <0.001 <0.001

0-1 7,621 (99.8) 351 (87.1) 12,384 (99.6) 918 (74.6)

2-3 19 (0.3) 52 (12.9) 47 (0.4) 313 (25.4)

18. " I felt sad" <0.001 <0.001

0-1 7,604 (99.5) 307 (76.2) 12,348 (99.3) 770 (62.6)

2-3 36 (0.5) 96 (23.8) 83 (0.7) 461 (37.5)

19. " I felt that people disliked me" <0.001 <0.001

0-1 7,623 (99.8) 336 (83.4) 12,415 (99.9) 1,099 (89.3)

2-3 17 (0.2) 67 (16.6) 16 (0.1) 132 (10.7)

20. " I could not get 'going'" <0.001 <0.001

0-1 7,614 (99.7) 279 (69.2) 12,363 (99.5) 889 (72.2)

2-3 26 (0.3) 124 (30.8) 68 (0.6) 342 (27.8)
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Table 32 presents the distribution of general characteristics by BMI

categories. In underweight men, the oldest group showed the largest

proportion (42.3%). Conversely, most obese men showed the highest

proportion in the youngest age group (37.9%). In women, the youngest group

showed the largest proportion in the “underweight” (46.3%) and “normal

range” (34.0%) groups. Considering family income, many people in the

“underweight” group had a relatively low income, whereas a larger proportion

of men in the most obese group reported a high income status. However,

women in the most obese group tended to have a lower income. In men, only

the “underweight” group showed a proportion of less than 90% (87.8%) in the

“married/living together with their partner” group. In women, the proportion

of “married but living apart with their spouse or divorced” group grew as their

BMI increased.

Regarding lifestyle factors, more underweight people appeared never

to have been drinkers compared to men in the obese group. More underweight

men were current smokers than men in the other BMI categories. Regarding

exercise frequency, underweight men and both underweight and the most

obese women (obese II group) were most frequently represented in the “no

exercise” category compared to the other BMI categories. In both men and

women, the “obese II group” appeared to contain a larger proportion of people
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with more than two comorbidities.
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Table 32. Characteristics of participant by BMI categories in the HEXA 2004-2012

Men

Current BMI <18.5 18.5-22.9 23-24.9 25-29.9 p-value

General factors N(%) N(%) N(%) N(%) N(%)

Age (Years) <0.001

35-46 176 (1.2) 4,178 (28.5) 4,189 (28.5) 5,550 (37.8) 593 (4.0)

47-52 127 (1.0) 3,397 (27.2) 3,755(30.1) 4,838 (38.8) 346 (2.8)

53-59 146 (1.1) 3,808 (27.5) 4,191 (30.3) 5,354 (38.7) 339 (2.5)

60-74 322 (1.9) 5,240 (31.1) 5,172 (30.7) 5,836 (34.6) 285 (1.7)
1 <0.001

<1,000,000 118 (2.7) 1,473 (34.3) 1,198 (27.9) 1,420 (33.0) 91 (2.1)

1,000,000-1,999,999 175 (1.9) 3,088 (32.8) 2,807 (29.8) 3,152 (33.4) 205
(21.2)

2,000,000-3,999,999 261 (1.2) 6,193 (28.1) 6,713 (30.5) 8,270 (37.5) 604 (2.7)
4,000,000-5,999,999 71 (0.8) 2,244 (25.3) 2,697 (30.4) 3,595 (40.6) 258 (2.9)

6,000,000 38 (0.8) 1,234 (24.4) 1,562 (30.9) 2,043 (40.4) 179 (3.5)

Education attainment (years)1 <0.001

<6 30 (3.1) 342 (35.1) 258 (26.5) 326 (33.4) 19 (2.0)

6-8 91 (1.8) 1,544 (30.8) 1,477 (29.5) 1,797 (35.8) 105 (2.1)

9-11 122 (1.7) 2,131 (29.3) 2,195 (30.2) 2,653 (36.5) 163 (2.2)

519 (1.2) 12,335 (28.2) 13,155
(30.1)

16,497
(37.7)

1,243
(2.8)

Marital Status 1 <0.001

Never married 38 (2.6) 520 (35.3) 356 (24.2) 481 (32.7) 78 (5.3)

Married-living apart
or divorced 45 (2.3) 676 (34.3) 536 (27.2) 665 (33.7) 49 (2.5)

Married or
cohabited- living
together

681 (1.3) 15,312 (28.4) 16,290
(30.2)

20,309
(37.6)

1,425
(2.6)

Alcohol comsumption1 <0.001

Never drinker 225 (2.0) 3,545 (30.8) 3,334 (29.0) 4,114 (35.8) 284 (2.5)

Past drinker 82 (1.9) 1,240 (29.0) 1,229 (28.8) 1,583 (37.0) 140 (3.3)
184

184



Current drinker 463 (1.1) 11,767 (28.1) 12,689
(30.3)

15,820
(37.8)

1,136
(2.7)

Cigarette Smoking1 <0.001

Never smoker 233 (1.4) 4,858 (29.0) 5,146 (30.7) 6,119 (36.5) 416 (2.5)

Past smoker 216 (1.0) 5,841 (26.0) 6,886 (30.6) 8,940 (39.7) 622(2.8)

Current smoker 320 (1.8) 5,834 (31.9) 5,201 (28.4) 6,427 (35.1) 519 (2.8)

Usual exercise frequency1 <0.001

No 466 (1.9) 7,839 (31.3) 7,097 (28.4) 8,883 (35.5) 737 (3.0)
1-2/week 105 (1.0) 2,826 (27.4) 3,115 (30.2) 4,008 (38.9) 263 (2.6)

3-4/week 83 (0.8) 2,621 (25.4) 3,257 (31.5) 4,106 (39.7) 264 (2.6)

5-6/week 43 (0.9) 1,286 (26.7) 1,513 (31.4) 1,843 (38.2) 134 (2.8)

everyday 58 (1.0) 1,576 (27.4) 1,809 (31.5) 2,172 (37.8) 134 (2.3)

Number of comorbid diseases <0.001

None 503 (1.3) 11,289 (29.6) 11,639
(30.5)

13,778
(36.1) 917 (2.4)

1 225 (1.5) 4,369 (28.1) 4,498 (29.0) 5,964 (38.4) 476 (3.1)

2+ 43 (1.0) 962 (23.0) 1,170 (28.0) 1,836 (43.9) 170 (4.1)

Self-rated health1 <0.001

Very good 12 (0.6) 585 (27.1) 635 (29.4) 874 (40.5) 54 (2.5)

Good 211 (0.9) 6,311 (26.9) 7,394 (31.5) 8,982 (38.3) 564 (2.4)

Fair 318(1.3) 7,151 (30.0) 7,145 (29.5) 8,913 (36.9) 663 (2.7)

Bad 204 (2.9) 2,254 (32.2) 1,826(26.1) 2,457 (35.1) 251 (3.6)

Very bad 15 (3.2) 165 (35.5) 113 (24.3) 158 (34.0) 14 (3.0)

Stress exposure1 <0.001

No 425 (1.2) 9,863 (28.0) 10,739
(30.5)

13,278
(38.7) 937(2.7)

Occasional 259 (1.4) 5,430 (29.6) 5,378 (29.4) 6,756 (37.9) 498 (2.7)

Frequent 74 (2.2) 1,059 (31.8) 909 (27.4) 1,181 (35.5) 103 (3.1)

Women

Age (Years) <0.001

35-46 993 (3.4) 15,604 (53.5) 6,596 (22.6) 5,270 (18.1) 711 (2.4)

47-52 492 (1.7) 13,293 (45.6) 7,838 (26.9) 6,808 (23.3) 751 (2.6)

53-59 381 (1.4) 10,356 (36.9) 8,169 (39.1) 8,289 (29.5) 886 (3.2)

60-74 303 (1.3) 7,044 (29.5) 6,885 (28.9) 8,631 (36.2) 984 (4.1)
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1 <0.001

<1,000,000 206 (1.7) 4,019 (32.4) 3,402 (27.5) 4,203 (33.9) 560 (4.5)

1,000,000-1,999,999 308 (1.6) 7,205 (37.6) 5,308 (27.7) 5,663 (29.5) 694 (3.6)

2,000,000-3,999,999 767 (2.0) 16,581 (43.9) 10,166
(26.9) 9,223 (24.4) 1,009

(2.7)
4,000,000-5,999,999 356 (2.5) 7,181 (50.7) 3,456 (24.4) 2,874 (20.3) 287 (2.0)

203 (3.0) 3,565 (52.3) 1,693 (24.8) 1,242 (18.2) 114 (1.7)

Education attainment (years)1 <0.001

<6 62 (1.2) 1,298 (25.7) 1,355 (26.8) 2,048 (40.5) 298 (5.9)

6-8 157 (0.9) 5,202 (28.4) 5,253 (28.7) 6,831 (37.3) 857 (4.7)
9-11 209 (1.1) 6,829 (34.8) 5,848 (30.0) 6,085 (31.0) 672 (3.4)

1,712 (2.6) 32,290 (49.3) 16,559
(25.3)

13,513
(20.6)

1,438
(2.2)

Marital Status 1 <0.001

Never married 148 (6.3) 1,303 (55.0) 457 (19.3) 398 (16.8) 63 (2.7)

Married-living apart
or divorced 223 (1.7) 4,842 (37.0) 3,442 (26.3) 4,074 (31.1) 517 (4.0)

Married or
cohabited- living
together

1,788 (1.9) 39,847 (42.4) 25,383
(27.0)

24,337
(25.9)

2,727
(2.9)

Alcohol comsumption1 <0.001

Never drinker 1,497 (2.1) 29,832 (41.0) 19,474
(26.8)

19,713
(27.1)

2,282
(3.1)

Past drinker 55 (2.3) 973 (39.9) 630 (25.9) 672 (27.6) 107 (4.4)

Current drinker 609 (1.8) 15,201 (44.3) 9,169 (26.7) 8,444 (24.6) 924 (2.7)

Cigarette Smoking1 <0.001

Never smoker 2,052 (1.9) 44,284 (41.9) 28,379
(26.8)

27,865
(26.4)

3,152
(3.0)

Past smoker 35 (2.7) 546 (42.6) 310 (24.2) 330 (25.7) 61 (4.8)

Current smoker 75 (3.1) 1,111 (45.9) 556 (23.0) 591 (24.4) 90(3.7)

Usual exercise frequency1 <0.001

No 1,312 (2.4) 22,412 (41.2) 13,855
(25.5)

14,859
(27.3)

1,969
(3.6)

1-2/week 229 (1.8) 5,897 (45.1) 3,583 (27.4) 3,078 (23.6) 280 (2.1)

3-4/week 325 (1.6) 9,048 (43.6) 5,881 (28.3) 5,016 (24.2) 491 (2.4)
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5-6/week 135 (1.3) 4,554 (42.4) 2,991 (27.9) 2,811 (26.2) 244 (2.3)

everyday 122 (1.4) 3,195 (37.4) 2,436 (28.5) 2,526 (29.5) 273 (3.2)

Number of comorbid diseases <0.001

None 1,577 (2.0) 34,891 (43.3) 21,549 (26.7) 20,480 (25.4) 2,135(2.7)

1 536 (2.1) 10,019 (40.1) 6,682 (26.7) 6,858 (27.4) 920 (3.7)
2+ 56 (1.2) 1,387 (29.9) 1,257 (4.3) 1,660 (35.8) 277 (6.0)

Self-rated health1 <0.001

Very good 30 (1.3) 1,057 (45.7) 617 (26.7) 560 (24.2) 50 (2.2)

Good 605 (1.7) 15,082 (43.2) 9,676 (27.7) 8,730 (25) 822 (2.4)

Fair 1,001 (2.0) 21,640 (43.0) 13,348 (26.5) 12,923 (25.7) 1,393 (2.8)

Bad 470 (2.3) 7,506 (37.3) 5,172 (25.7) 6,025 (30.0) 927 (4.6)

Very bad 40 (3.0) 440 (33.5) 310 (23.6) 435 (33.1) 89 (6.8)

Stress exposure1 <0.001

No 1,009 (1.9) 23,148 (42.4) 14,730 (27.0) 14,150 (25.9) 1,534 (2.8)

Occasional 881 (2.1) 18,058 (42.1) 11,349 (26.5) 11,290 (26.3) 1,291 (3.0)

Frequent 253 (2.3) 4,326 (39.6) 2,840 (26.0) 3,049 (27.9) 449 (4.1)

1. Sum of numbers can miss the total number in group due to missing values.
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4.2.2 Distribution of BMI and weight change by age group

The distribution of measured or recalled BMI at various time points

by different genders is summarized in Table 33. At every time point, there

were significant differences in the BMI distribution of different age groups. In

men, participants who were 65 years or older showed a relatively high

proportion of underweight in current BMI measurement. The proportion of

participants who were in the “obese II” group (BMI 30 kg/m2) tended to

decrease as the men aged. However, women showed opposite distribution

trends. In current BMI measurement, women who were less than 44 years old

represented approximately 4% of the underweight population, which was a

relatively high proportion compared to the older women. Additionally, the

tendency for women to be in the “obese II” group increased, particularly in the

women who were older than 55 years.

In recalled BMI data at age 18-20, the BMI trends by increasing age

were similar in both men and women although women showed a considerably

greater relative proportion of underweight. However, the proportion in the

“obese II” group tended to be similar in both genders. The proportion of

underweight tended to increase with age, and the proportion doubled in men

as the men aged (16.7% at age 40-44 to 33.3% at age 70-74). Of the women
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who were 70 years or older, 55.4% recalled their BMI to be underweight,

whereas approximately 30.8% of the youngest participants recalled

themselves being underweight.

At other recalled time points, the results were similar to the results

from age 18-20. However, when recalling the highest BMI after age 18, similar

proportions of people reported the underweight category throughout all age

groups (both men and women, between 30-40%). People in the “obese II”

group tended to recall their highest body weight occurring as they grew older,

particularly women (over 4%). When recalling their lowest weight after age

18, men reported being underweight in similar proportions, approximately 35

to 40% across all age groups, whereas a lower proportion of women reported

being underweight (between 43 to 49%) over age 50 compared to their

younger counterparts, more than 55% of whom reported being underweight.

Compared to their BMI measured at baseline, a greater proportion of

both men and women tended to report their weight 2 years earlier as being

underweight. Furthermore, a smaller proportion of both men and women

tended to recall their weight 2 years before the baseline as obese, particularly

when they were younger.
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The mean BMI at various time points was adjusted for age measured

at baseline. Men and women who were underweight at the initial measurement

recalled their weight at 18-20 years as being in the normal range (19.7 kg/m2

in men and 19.2 kg/m2 in women). Additionally, people who were categorized

as overweight or obese at baseline recalled their weight as being closer to the

normal range. Men whose measured BMI fell into the “underweight”, “normal

range” and “overweight at risk” groups recalled their highest weight as fitting

into the higher categories more than the baseline categories. Women in the

“underweight” group and “obese I” group reported a higher weight than their

measured BMI categories. The mean (±SD) age of the participants at their

highest weight was 44.3±12.6 years in men and 45.1±12.3 years in women.

The mean age of the people with the lowest weight after age 18 was 26.8±14.4

years in men and 26.3±12.1 years in women (Table 34).

In addition, people who were categorized as “underweight” tended to

have lost approximately 0.14 kg/year from age 18-20 to baseline. However,

people who fell into the “normal range” group and the “obese II” group

increased their annual weight gradually.
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4.2.3 The association between BMI at each time point and depression

In Table 35, the association between BMI at certain time points and a

history of depression according to a physician’s diagnosis is presented. In men,

every time point except 2 years before baseline showed a significantly

increased OR of a depression diagnosis in the underweight population in the

fully adjusted model. At age 18-20, underweight men showed an OR of 1.94

(95% CI 1.36-2.76), and the magnitude of the OR increased to 3.08 (95% CI

1.22-7.79) at age 50. Men whose lowest weight was categorized as

“underweight” showed an OR of 1.76 (95% CI 1.24-2.49). At the time point 2

years prior to the baseline survey, there was no significant result for the

“underweight” group, whereas those who were classified in the “obese I”

group showed a protective association between BMI and depression (OR 0.61,

95% CI 0.42-0.88).

There was a significant association in underweight women at ages 18-

20 and age 35 (OR 1.12, 95% CI 1.00-1.25 and OR 1.27, 95% CI 1.08-1.50,

respectively) and the time of their lowest weight after age 18 (OR 1.33 95%

CI 1.19-1.49). Women who were “overweight at risk” or in the “obese I” group

by BMI at age 35 showed decreased ORs (overweight: OR 0.88 95% CI 0.79-

0.98, obese I: OR 0.86, 95% CI 0.76-0.97).
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Table 35. Association between BMI at various time points and lifetime
depression by physician's diagnosis

Measure

Lifetime depression diagnosis by physician

Depression (-) Depression (+)

N (%) N (%) OR (95% CI)1 OR (95% CI)2

Men (N=57,839)

BMI at age 18-20 (kg/m2)3 (N=48,824)

<18.5 2,552 (5.3) 36 (9.3) 1.94 (1.36-2.76) 1.94 (1.36-2.76)
18.5-22.9 32,610 (67.3) 248 (64.1) 1.00 (ref) 1.00 (ref)

23-24.9 9,785 (20.2) 79 (20.4) 0.99 (0.77-1.28) 0.98 (0.76-1.27)

25-29.9 3,338 (6.9) 24 (6.2) 0.85 (0.56-1.30) 0.82 (0.54-1.25)

152 (0.3) 0 (0.0)

BMI at age 35 (kg/m2)3 (N=53,225)

<18.5 632 (1.2) 10 (2.5) 1.95 (1.03-3.71) 1.94 (1.02-3.69)
18.5-22.9 21,883 (41.4) 181 (44.6) 1.00 (ref) 1.00 (ref)

23-24.9 16,421 (31.1) 132 (32.5) 0.97 (0.77-1.21) 0.97 (0.77-1.21)

25-29.9 12,972 (24.6) 75 (18.5) 0.72 (0.55-0.94) 0.72 (0.55-0.94)
909 (1.7) 8 (2.0) 1.17 (0.57-2.38) 1.16 (0.57-2.36)

BMI at age 50 (kg/m2)3 (N=26,430)

<18.5 257 (1.0) 5 (2.9) 3.13 (1.24-7.90) 3.08 (1.22-7.79)
18.5-22.9 8,343 (31.8) 54 (30.9) 1.00 (ref) 1.00 (ref)

23-24.9 8,297 (31.6) 65 (37.1) 1.24 (0.86-1.78) 1.24 (0.87-1.79)

25-29.9 8,873 (33.8) 45 (25.7) 0.83 (0.55-1.23) 0.83 (0.56-1.23)

485 (1.9) 6 (3.4) 2.13 (0.91-4.98) 2.11 (0.90-4.95)

Highest BMI after age 18 (kg/m2)3 (N=41,668)

<18.5 72 (0.2) 0 (0.0)

18.5-22.9 6,818 (16.4) 24 (14.8) 1.00 (ref) 1.00 (ref)

23-24.9 11,357 (27.4) 47 (29.0) 1.11 (0.68-1.82) 1.12 (0.68-1.83)

25-29.9 20,697 (49.9) 83 (51.2) 1.07 (0.68-1.68) 1.08 (0.68-1.70)

2,562 (6.2) 8 (4.9) 0.90 (0.41-2.02) 0.90 (0.40-2.01)

Lowest BMI after age 18 (kg/m2)3 (N=41,144)

<18.5 3,568 (8.7) 39 (14.3) 1.76 (1.25-2.50) 1.76 (1.24-2.49)
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18.5-22.9 29,074 (71.1) 186 (68.1) 1.00 (ref) 1.00 (ref)

23-24.9 6,538 (16.0) 41 (15.0) 0.93 (0.67-1.31) 0.93 (0.66-1.31)

25-29.9 1,667 (4.1) 7 (2.6) 0.62 (0.29-1.31) 0.61 (0.29-1.31)

24 (0.1) 0 (0.0)

BMI before 2 years (kg/m2)3 (N=54,687)

<18.5 600 (1.1) 1 (0.5) 0.40 (0.06-2.97) 0.39 (0.05-2.84)

18.5-22.9 16,198 (29.7) 66 (35.9) 1.00 (ref) 1.00 (ref)

23-24.9 16,517 (30.3) 59 (32.1) 0.86 (0.61-1.22) 0.87 (0.61-1.23)

25-29.9 19,767 (36.3) 49 (26.6) 0.60 (0.42-0.87) 0.61 (0.42-0.88)
1,421 (2.6) 9 (4.9) 1.66 (0.82-3.34) 1.66 (0.83-3.34)

Women (N=110,284)

BMI at age 18-20 (kg/m2)3 (N=88,229)

<18.5 14,278 (16.7) 415 (16.9) 1.08 (0.97-1.21) 1.12 (1.00-1.25)
18.5-22.9 60,181 (70.2) 1,713 (69.7) 1.00 (ref) 1.00 (ref)

23-24.9 8,632 (10.1) 243 (9.9) 0.92 (0.80-1.06) 0.88 (0.77-1.01)

25-29.9 2,582 (3.0) 85 (3.5) 1.02 (0.81-1.27) 0.92 (0.74-1.16)

97 (0.1) 3 (0.1) 0.98 (0.31-3.10) 0.87 (0.27-2.85)

BMI at age 35 (kg/m2)3 (N=98,276)

<18.5 5,322 (5.6) 162 (6.4) 1.25 (1.06-1.47) 1.27 (1.08-1.50)
18.5-22.9 58,783 (61.4) 1,540 (60.6) 1.00 (ref) 1.00 (ref)

23-24.9 18,888 (19.7) 488 (19.2) 0.92 (0.83-1.02) 0.88 (0.79-0.98)
25-29.9 11,749 (12.3) 315 (12.4) 0.92 (0.82-1.05) 0.86 (0.76-0.97)

994 (1.0) 35 (1.4) 1.23 (0.88-1.73) 1.10 (0.78-1.56)

BMI at age 50 (kg/m2)3 (N=45,511)

<18.5 626 (1.4) 18 (2.0) 1.52 (0.94-2.46) 1.58 (0.97-2.55)

18.5-22.9 19,364 (43.4) 386 (41.7) 1.00 (ref) 1.00 (ref)

23-24.9 12,538 (28.1) 250 (27.0) 0.96 (0.81-1.12) 0.92 (0.78-1.08)

25-29.9 11,023 (24.7) 241 (26.1) 1.01 (0.86-1.19) 0.94 (0.80-1.11)

1,035 (2.3) 30 (3.2) 1.39 (0.95-2.02) 1.25 (0.85-1.83)

Highest BMI after age 18 (kg/m2)3 (N=74,694)

<18.5 313 (0.4) 5 (0.5) 1.61 (0.66-3.92) 1.63 (0.67-3.99)

18.5-22.9 22,163 (30.1) 249 (26.4) 1.00 (ref) 1.00 (ref)

197

197



23-24.9 21,115 (28.6) 245 (25.9) 0.92 (0.77-1.10) 0.89 (0.75-1.07)

25-29.9 26,343 (35.7) 384 (40.6) 1.07 (0.91-1.26) 1.00 (0.84-1.18)

3,815 (5.2) 62 (6.6) 1.17 (0.88-1.56) 1.06 (0.79-1.41)

Lowest BMI after age 18 (kg/m2)3 (N=75,140)

<18.5 18,294 (24.9) 489 (27.8) 1.27 (1.14-1.42) 1.33 (1.19-1.49)
18.5-22.9 48,979 (66.7) 1,135 (64.6) 1.00 (ref) 1.00 (ref)

23-24.9 4,651 (6.3) 105 (6.0) 0.87 (0.71-1.06) 0.81 (0.66-0.99)
25-29.9 1,416 (1.9) 26 (1.5) 0.67 (0.45-0.99) 0.61 (0.41-0.91)

43 (0.1) 2 (0.1) 1.79 (0.43-7.43) 1.59 (0.38-6.58)

BMI before 2 years (kg/m2)3 (N=101,760)

<18.5 2,421 (2.4) 33 (3.1) 1.33 (0.94-1.90) 1.36 (0.95-1.94)

18.5-22.9 45,674 (45.4) 489 (45.7) 1.00 (ref) 1.00 (ref)

23-24.9 25,867 (25.7) 259 (24.2) 0.89 (0.76-1.04) 0.86 (0.73-1.00)
25-29.9 24,096 (24.0) 259 (24.2) 0.93 (0.80-1.09) 0.86 (0.74-1.01)

2,633 (2.6) 29 (2.7) 0.95 (0.65-1.39) 0.86 (0.59-1.26)

1. Adjusted with age

2. Adjusted with age, education
3. Excluded those who had younger age of depression diagnosis compared to age of weight
description
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Tables 36 to 38 present the association between BMI at various time

points and depressive symptoms measured by the CES-D scale at the baseline

survey in 2009. Because we used three cutoffs, 16, 21 and 25, it was possible

to link the severity of depressive symptoms by the differences among the three

tables.

Table 36 shows men with a cutoff point of 16 at every time point

except 2 years before the baseline survey. Table 36 shows a significantly

increased likelihood in underweight men: an OR of 1.64 (95% 1.29-2.09) by

BMI at age 18-20, an OR of 1.54 (95% CI1.11-2.14) by BMI at age 35, and

an OR of 1.89 (95% CI 1.30-2.75) by BMI at age 50. Additionally,

underweight men, whether by the highest or lowest weight after age 18,

showed an increased OR of 1.82 (95% CI 1.30-2.75) and 1.54 (95% CI 1.20-

1.98), respectively. Moreover, men who were categorized in the “obese I”

group at age 18-20 or 2 years before baseline showed a significantly decreased

likelihood (OR 0.51, 95% CI 0.29-0.90 at age 18-20, OR 0.75, 95% CI 0.57-

1.00) at 2 years before the baseline survey. In Table 37, with a cutoff point of

21, the results are similar to the results presented in Tables 36 and 38.

In women, all of the results from different cutoff points showed

similar tendencies. Being underweight at all time points including the times

with the highest and the lowest weight after age 18 showed a significantly
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increased likelihood of depression. The magnitude of the association tended

to increase as the cutoff point increased in the underweight population. For

example, the OR was 1.30 (95% CI 1.14-1.48) in the “underweight” group at

age 18-20 with a cutoff point of 16 on the CES-D scale, whereas the ORs were

1.48 (95% CI 1.25-1.74) and 1.51 (95% CI 1.23-1.84) with cutoff points of 21

and 25, respectively.
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Table 36. Association between BMI at various time point and depressive
symptom by CES-D score

Measure Total N

Self-reported CES-D and items by factor analysis

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=8,043)
BMI at age 18-20 (kg/m2)

<18.5 1,527 117 (7.7) 1.77 (1.40-2.25) 1.65 (1.30-2.10) 1.64 (1.29-2.09)
18.5-22.9 4,572 214 (4.7) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,413 57 (4.0) 0.88 (0.65-1.19) 0.87 (0.64-1.17) 0.87 (0.64-1.18)

25-29.9 508 13 (2.6) 0.56 (0.32-0.99) 0.53 (0.30-0.94) 0.51 (0.29-0.90)
23 2 (8.7) 0.95 (0.45-8.40) 1.74 (0.40-7.56) 1.56 (0.35-6.94)

BMI at age 35 (kg/m2)

<18.5 696 55 (7.9) 1.59 (1.16-2.18) 1.57 (1.13-2.17) 1.54 (1.11-2.14)
18.5-22.9 3,117 165 (5.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,247 91 (4.1) 0.76 (0.58-0.99) 0.77 (0.59-1.00) 0.76 (0.59-0.99)
25-29.9 1,832 83 (4.5) 0.85 (0.65-1.11) 0.86 (0.65-1.13) 0.82 (0.62-1.08)

9 9 (6.0) 1.12 (0.56-2.23) 1.05 (0.52-2.12) 0.92 (0.70-1.24)

BMI at age 50 (kg/m2)

<18.5 3551 216 (6.1) 1.85 (1.28-2.68) 1.91 (1.31-2.77) 1.89 (1.30-2.75)
18.5-22.9 1,440 62 (4.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,404 55 (3.9) 0.91 (0.63-1.32) 0.93 (0.64-1.35) 0.92 (0.63-1.35)

25-29.9 1,560 67 (4.3) 0.99 (0.69-1.40) 1.04 (0.73-1.48) 0.99 (0.69-1.41)

88 3 (3.4) 0.77 (0.24-2.50) 0.78 (0.24-2.57) 0.70 (0.21-2.32)

Highest BMI after age 18 (kg/m2)

<18.5 504 45 (8.9) 1.78 (1.20-2.64) 1.81 (1.21-2.69) 1.82 (1.22-2.71)
18.5-22.9 1,271 67 (5.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,012 93 (4.6) 0.88 (0.64-1.22) 0.91 (0.65-1.25) 0.91 (0.65-1.26)

25-29.9 3,751 170 (4.5) 0.87 (0.65-1.16) 0.89 (0.66-1.19) 0.86 (0.64-1.16)

505 28 (5.5) 1.04 (0.66-1.64) 1.03 (0.65-1.63) 0.93 (0.59-1.48)

Lowest BMI after age 18 (kg/m2)

<18.5 1,272 93 (7.3) 1.59 (1.24-2.04) 1.56 (1.21-2.00) 1.54 (1.20-1.98)
18.5-22.9 5,191 247 (4.8) 1.00 (ref) 1.00 (ref) 1.00 (ref)

201

201



23-24.9 1,244 53 (4.3) 0.91 (0.67-1.23) 0.91 (0.67-1.23) 0.91 (0.67-1.24)

25-29.9 329 9 (2.7) 0.58 (0.30-1.14) 0.55 (0.28-1.09) 0.52 (0.26-1.03)

7 1 (14.3) 3.09 (0.37-
25.81)

2.49 (0.29-
21.31) 2.82 (0.33-24.41)

BMI before 2 years (kg/m2)

<18.5 584 41 (7.0) 1.33 (0.93-1.92) 1.38 (0.95-2.00) 1.39 (0.96-2.02)

18.5-22.9 2,343 128 (5.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,240 90 (4.0) 0.73 (0.55-0.97) 0.75 (0.57-1.00) 0.75 (0.57-1.00)
25-29.9 2662 135 (5.1) 0.93 (0.72-1.19) 0.98 (0.76-1.26) 0.95 (0.73-1.22)

214 9 (4.2) 0.74 (0.72-1.19) 0.73 (0.36-1.46) 0.67 (0.33-1.35)

Women (N=13,662)

BMI at age 18-20 (kg/m2)

<18.5 4,412 489 (11.1) 1.46 (1.28-1.65) 1.33 (1.17-1.51) 1.30 (1.14-1.48)
18.5-22.9 7,789 603 (7.7) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,097 101 (9.2) 1.17 (0.94-1.47) 1.09 (0.87-1.37) 1.09 (0.87-1.37)

25-29.9 354 38 (10.7) 1.36 (0.96-1.93) 1.19 (0.83-1.69) 1.23 (0.86-1.75)

10 0

BMI at age 35 (kg/m2)

<18.5 2,003 253 (12.6) 1.50 (1.28-1.75) 1.34 (1.15-1.58) 1.31 (1.12-1.55)
18.5-22.9 7,561 649 (8.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,408 188 (7.8) 0.88 (0.74-1.04) 0.85 (0.72-1.01) 0.86 (0.73-1.03)

25-29.9 1570 135 (8.6) 0.96 (0.79-1.17) 0.90 (0.73-1.09) 0.89 (0.73-1.08)

120 6 (5.0) 0.55 (0.24-1.25) 0.42 (0.18-0.97) 0.40 (0.18-0.94)
BMI at age 50 (kg/m2)

<18.5 6133 569 (9.3) 1.46 (1.22-1.76) 1.39 (1.16-1.68) 1.35 (1.12-1.63)
18.5-22.9 3,238 290 (9.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,127 168 (7.9) 0.85 (0.70-1.04) 0.82 (0.67-1.01) 0.82 (0.67-1.01)

25-29.9 1,971 188 (9.5) 1.04 (0.86-1.26) 0.95 (0.78-1.15) 0.93 (0.76-1.14)

193 16 (8.3) 0.90 (0.53-1.52) 0.80 (0.47-1.37) 0.75 (0.44-1.28)

Highest BMI after age 18 (kg/m2)

<18.5 975 132 (13.5) 1.77 (1.42-2.20) 1.63 (1.30-2.04) 1.57 (1.25-1.98)
18.5-22.9 3,734 293 (7.9) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 3,566 297 (8.3) 1.03 (0.87-1.22) 1.03 (0.87-1.22) 1.04 (0.87-1.23)
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25-29.9 4,668 439 (9.4) 1.14 (0.97-1.34) 1.06 (0.90-1.25) 1.06 (0.90-1.24)

719 70 (9.7) 1.18 (0.89-1.56) 1.00 (0.76-1.33) 0.96 (0.72-1.27)

Lowest BMI after age 18 (kg/m2)

<18.5 4249 448 (10.5) 1.35 (1.19-1.53) 1.34 (1.18-1.53) 1.32 (1.16-1.50)
18.5-22.9 8,388 686 (8.2) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 799 73 (9.1) 1.07 (0.83-1.38) 0.94 (0.72-1.21) 0.94 (0.72-1.22)

25-29.9 222 24 (10.8) 1.24 (0.80-1.91) 0.96 (0.62-1.49) 0.96 (0.62-1.50)

4 0

BMI before 2 years (kg/m2)

<18.5 1211 148 (12.2) 1.49 (1.23-1.82) 1.39 (1.14-1.70) 1.32 (1.08-1.62)
18.5-22.9 5,809 486 (8.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 3,258 286 (8.8) 1.01 (0.87-1.18) 1.00 (0.85-1.17) 1.01 (0.87-1.19)

25-29.9 3,056 278 (9.1) 1.02 (0.87-1.20) 0.94 (0.80-1.10) 0.92 (0.78-1.08)

328 33 (10.1) 1.14 (0.79-1.66) 0.96 (0.66-1.40) 0.93 (0.63-1.36)

1. Adjusted with age

2. Adjusted with age, education, income, and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking
and exercise frequency, comorbidity
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Table 37. Association between BMI at various time-points and depressive
symptom by CES-D score

Measure Total N

Self-reported CES-D and items by factor analysis

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=8,043)
BMI at age 18-20 (kg/m2)

<18.5 1,527 65 (4.3) 2.00 (1.56-2.75) 1.87 (1.35-2.58) 1.86 (1.34-2.58)
18.5-22.9 4,572 104 (2.3) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,413 29 (2.1) 0.93 (0.61-1.40) 0.91 (0.60-1.39) 0.92 (0.61-1.40)

25-29.9 508 8 (1.6) 0.72 (0.35-1.48) 0.68 (0.33-1.41) 0.64 (0.31-1.33)

23 2 (8.7) 4.19 (0.97-
18.13) 3.49 (0.79-15.44) 3.06 (0.68-13.83)

BMI at age 35 (kg/m2)

<18.5 696 27 (3.9) 1.58 (1.01-2.47) 1.60 (1.02-2.51) 1.56 (0.99-2.45)

18.5-22.9 3,117 80 (2.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,247 54 (2.4) 0.94 (0.66-1.33) 0.96 (0.67-1.36) 0.95 (0.67-1.35)

25-29.9 1,832 39 (2.1) 0.82 (0.56-1.21) 0.84 (0.57-1.24) 0.80 (0.54-1.18)

151 8 (5.3) 2.07 (0.98-1.36) 1.86 (0.87-3.98) 1.61 (0.75-3.46)

BMI at age 50 (kg/m2)

<18.5 3,551 110 (3.1) 2.37 (1.35-4.16) 1.77 (1.39-2.24) 1.67 (1.32-2.12)
18.5-22.9 1,440 23 (1.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,404 37 (2.6) 1.68 (0.99-2.84) 0.99 (0.77-1.28) 0.97 (0.75-1.26)

25-29.9 1,560 35 (2.2) 1.41 (0.83-1.29) 0.98 (0.76-1.28) 0.91 (0.69-1.18)

88 3 (3.4) 2.17 (0.64-7.38) 1.18 (0.63-2.22) 1.08 (0.57-2.04)

Highest BMI after age 18 (kg/m2) (N=8,969)

<18.5 504 22 (4.4) 1.75 (1.01-3.04) 1.83 (1.05-3.18) 1.83 (1.05-3.19)
18.5-22.9 1,271 33 (2.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,012 44 (2.2) 0.85 (0.54-1.35) 0.89 (0.56-1.42) 0.89 (0.56-1.42)

25-29.9 3,751 89 (2.4) 0.93 (0.62-1.40) 0.98 (0.65-1.47) 0.95 (0.63-1.43)

505 20 (4.0) 1.53 (0.87-2.70) 1.51 (0.85-2.68) 1.36 (0.76-2.42)

Lowest BMI after age 18 (kg/m2) (N=8,969)

<18.5 1,272 50 (3.9) 1.67 (1.20-2.33) 1.65 (1.18-2.31) 1.62 (1.15-2.27)
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18.5-22.9 5,191 125 (2.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,244 25 (2.0) 0.85 (0.55-1.31) 0.84 (0.54-1.30) 0.84 (0.54-1.30)

25-29.9 329 7 (2.1) 0.91 (0.42-1.97) 0.86 (0.40-1.86) 0.79 (0.36-1.71)

7 1 (14.3) 6.26 (0.75-
52.59) 4.44 (0.51-38.72) 4.90 (0.55-43.47)

BMI before 2 years (kg/m2) (N=8,969)

<18.5 584 24 (4.1) 1.83 (1.12-2.99) 2.00 (1.22-3.28) 2.01 (1.22-3.30)
18.5-22.9 2,343 55 (2.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,240 49 (2.2) 0.95 (0.64-1.40) 0.98 (0.66-1.45) 0.99 (0.66-1.46)

25-29.9 2,662 72 (2.7) 1.17 (0.82-1.67) 1.25 (0.87-1.79) 1.22 (0.85-1.75)

214 8 (3.7) 1.58 (0.74-3.36) 1.54 (0.72-3.30) 1.40 (0.65-3.02)

Women (N=13,662)

BMI at age 18-20 (kg/m2)

<18.5 4,412 304 (6.9) 1.65 (1.41-1.94) 1.51 (1.28-1.78) 1.48 (1.25-1.74)
18.5-22.9 7,789 330 (4.2) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,097 60 (5.5) 1.28 (0.97-1.70) 1.20 (0.90-1.60) 1.20 (0.90-1.60)

25-29.9 354 22 (6.2) 1.45 (0.93-2.27) 1.29 (0.82-2.03) 1.33 (0.85-2.10)

10 0

BMI at age 35 (kg/m2)

<18.5 2,003 161 (8.0) 1.63 (1.34-1.98) 1.47 (1.20-1.79) 1.44 (1.18-1.76)
18.5-22.9 7,561 377 (5.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,408 99 (4.1) 0.80 (0.64-1.01) 0.78 (0.62-0.98) 0.79 (0.63-1.00)

25-29.9 1,570 76 (4.8) 0.94 (0.73-1.21) 0.89 (0.69-1.15) 0.88 (0.68-1.14)

120 3 (2.5) 0.48 (0.15-1.51) 0.37 (0.12-1.17) 0.37 (0.12-1.17)

BMI at age 50 (kg/m2)

<18.5 6133 353 (5.8) 1.77 (1.39-2.24) 1.67 (1.32-2.12) 1.61 (1.26-2.04)
18.5-22.9 3,238 154 (4.8) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,127 103 (4.8) 0.99 (0.77-1.28) 0.97 (0.75-1.26) 0.97 (0.75-1.26)

25-29.9 1,971 95 (4.8) 0.98 (0.76-1.28) 0.91 (0.69-1.18) 0.89 (0.68-1.17)

193 11 (5.7) 1.18 (0.63-2.22) 1.08 (0.57-2.04) 1.02 (0.54-1.94)

Highest BMI after age 18 (kg/m2)

<18.5 975 85 (8.7) 2.00 (1.52-2.63) 1.86 (1.41-2.45) 1.80 (1.36-2.39)
18.5-22.9 3,734 167 (4.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)
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23-24.9 3,566 165 (4.6) 1.02 (0.81-1.27) 1.02 (0.82-1.28) 1.03 (0.82-1.29)

25-29.9 4,668 258 (5.5) 1.20 (0.98-1.47) 1.14 (0.92-1.40) 1.13 (0.92-1.40)

719 41 (5.7) 1.233 (0.87-
1.76) 1.06 (0.74-1.53) 1.03 (0.72-1.49)

Lowest BMI after age 18 (kg/m2)

<18.5 4,249 269 (6.3) 1.41 (1.20-1.65) 1.39 (1.18-1.64) 1.36 (1.15-1.60)
18.5-22.9 8,388 389 (4.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 799 44 (5.5) 1.15 (0.83-1.58) 1.01 (0.73-1.40) 1.01 (0.73-1.41)

25-29.9 222 14 (6.3) 1.29 (0.74-2.24) 1.02 (0.58-1.79) 1.02 (0.58-1.79)

4 0

BMI before 2 years (kg/m2)

<18.5 1,211 95 (7.8) 1.68 (1.32-2.14) 1.56 (1.22-2.00) 1.50 (1.17-1.92)
18.5-22.9 5,809 275 (4.7) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 3,259 169 (5.2) 1.07 (0.88-1.30) 1.07 (0.87-1.30) 1.08 (0.88-1.32)

25-29.9 3,056 157 (5.1) 1.04 (0.84-1.28) 0.96 (0.78-1.19) 0.95 (0.77-1.17)

328 20 (6.1) 1.24 (0.77-1.99) 1.06 (0.66-1.70) 1.04 (0.64-1.67)

1. Adjusted with age

2. Adjusted with age, education, income, and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency, comorbidity
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Table 38. Association between BMI at various time-points and depressive
symptom by CES-D score

Measure Total
N

Self-reported CES-D and items by factor analysis

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=8,043)

BMI at age 18-20 (kg/m2)

<18.5 1,527 39 (2.6) 1.86 (1.24-2.79) 1.71 (1.13-2.57) 1.72 (1.14-2.60)
18.5-22.9 4,572 66 (1.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,413 18 (1.3) 0.90 (0.53-1.53) 0.89 (0.53-1.51) 0.91 (0.53-1.54)

25-29.9 508 4 (0.8) 0.56 (0.21-1.56) 0.53 (0.19-1.48) 0.50 (0.18-1.37)

23 2 (8.7) 6.49 (1.49-28.30) 5.24 (1.17-23.41) 4.87 (1.06-22.46)

BMI at age 35 (kg/m2)

<18.5 696 15 (2.2) 1.44 (0.80-2.60) 1.41 (0.78-2.56) 1.39 (0.76-2.52)

18.5-22.9 3,117 48 (1.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,247 36 (1.6) 1.05 (0.68-1.62) 1.07 (0.69-1.65) 1.05 (0.68-1.64)

25-29.9 1,832 23 (1.3) 0.81 (0.49-1.34) 0.82 (0.50-1.35) 0.76 (0.46-1.26)

151 7 (4.6) 3.05 (1.36-6.87) 2.74 (1.20-6.25) 2.29 (0.99-5.29)

BMI at age 50 (kg/m2)

<18.5 3,551 68 (1.9) 2.28 (1.12-4.63) 2.36 (1.15-4.82) 2.35 (1.15-4.82)
18.5-22.9 1,440 14 (1.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,404 25 (1.8) 1.85 (0.96-2.57) 1.91 (0.98-3.70) 1.90 (0.98-3.70)

25-29.9 1,560 20 (1.3) 1.32 (0.66-2.62) 1.38 (0.69-2.76) 1.26 (0.63-2.53)

88 2 (2.3) 2.36 (0.53-10.56) 2.25 (0.50-10.18) 1.90 (0.42-8.71)

Highest BMI after age 18 (kg/m2) (N=8,969)

<18.5 504 16 (3.2) 2.19 (1.12-4.30) 2.24 (1.14-4.42) 2.19 (1.11-4.34)
18.5-22.9 1,271 19 (1.5) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,012 28 (1.4) 0.94 (0.52-1.70) 0.99 (0.55-1.78) 0.98 (0.54-1.78)

25-29.9 3,751 53 (1.4) 0.96 (0.57-1.63) 1.00 (0.58-1.70) 0.93 (0.54-1.59)

505 13 (2.6) 1.73 (0.85-3.54) 1.66 (0.81-3.40) 1.39 (0.67-2.88)

Lowest BMI after age 18 (kg/m2) (N=8,969)

<18.5 1,272 31 (2.4) 1.60 (1.05-2.44) 1.59 (1.04-2.42)
18.5-22.9 5,191 80 (1.5) 1.00 (ref) 1.00 (ref)
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23-24.9 1,244 12 (1.0) 0.63 (0.34-1.17) 0.62 (0.34-1.15)

25-29.9 329 5 (1.5) 1.01 (0.41-2.52) 0.93 (0.37-2.34)

7 1 (14.3) 9.94 (1.18-87.77) 7.34 (0.84-64.44)

BMI before 2 years (kg/m2) (N=8,969)

<18.5 584 15 (2.6) 1.88 (1.01-3.48) 1.99 (1.07-3.72) 1.98 (1.06-3.71)
18.5-22.9 2,343 33 (1.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,240 33 (1.5) 1.06 (0.65-1.73) 1.10 (0.67-1.79) 1.08 (0.66-1.76)

25-29.9 2,662 43 (1.6) 1.16 (0.74-1.84) 1.22 (0.77-1.93) 1.14 (0.72-1.82)

214 5 (2.3) 1.65 (0.64-4.27) 1.55 (0.59-4.05) 1.34 (0.51-3.53)

Women (N=13,662)

BMI at age 18-20 (kg/m2)

<18.5 4,412 204 (4.6) 1.70 (1.40-2.07) 1.54 (1.26-1.89) 1.51 (1.23-1.84)
18.5-22.9 7,789 214 (2.8) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 1,097 43 (3.9) 1.42 (1.02-1.99) 1.31 (0.93-1.83) 1.32 (0.94-1.85)

25-29.9 354 14 (3.7) 1.32 (0.74-2.33) 1.15 (0.64-2.05) 1.19 (0.66-2.12)

10 0

BMI at age 35 (kg/m2)

<18.5 2,003 107 (5.3) 1.66 (1.31-2.09) 1.46 (1.15-1.85) 1.43 (1.12-1.82)
18.5-22.9 7,561 245 (3.2) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,408 70 (2.9) 0.88 (0.67-1.15) 0.84 (0.64-1.10) 0.86 (0.65-1.13)

25-29.9 1,570 49 (3.1) 0.94 (0.68-1.28) 0.86 (0.63-1.19) 0.86 (0.62-1.18)

120 3 (2.5) 0.75 (0.24-2.39) 0.56 (0.18-1.79) 0.57 (0.18-1.82)

BMI at age 50 (kg/m2)

<18.5 6133 231 (3.8) 1.77 (1.32-2.36) 1.67 (1.25-2.23) 1.60 (1.20-2.14)
18.5-22.9 3,238 101 (3.1) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 2,127 68 (3.2) 1.01 (0.74-1.38) 0.98 (0.71-1.34) 0.98 (0.71-1.35)

25-29.9 1,971 68 (3.5) 1.08 (0.79-1.48) 0.99 (0.72-1.36) 0.97 (0.71-1.34)

193 6 (3.1) 0.98 (0.42-2.26) 0.87 (0.37-2.02) 0.81 (0.35-1.90)

Highest BMI after age 18 (kg/m2)

<18.5 975 58 (6.0) 2.10 (1.51-2.92) 1.90 (1.36-2.66) 1.84 (1.31-2.58)
18.5-22.9 3,734 107 (2.9) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 3,566 106 (3.0) 1.02 (0.77-1.34) 1.01 (0.77-1.33) 1.02 (0.77-1.35)
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25-29.9 4,668 174 (3.7) 1.26 (0.98-1.62) 1.16 (0.90-1.50) 1.16 (0.90-1.51)

719 29 (4.0) 1.37 (0.90-2.09) 1.14 (0.74-1.75) 1.11 (0.72-1.71)

Lowest BMI after age 18 (kg/m2)

<18.5 4,249 180 (4.2) 1.45 (1.19-1.76) 1.45 (1.19-1.76) 1.40 (1.15-1.71)
18.5-22.9 8,388 253 (3.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 799 32 (4.0) 1.29 (0.88-1.88) 1.12 (0.76-1.64) 1.14 (0.78-1.67)

25-29.9 222 9 (4.1) 1.29 (0.65-2.54) 0.99 (0.50-1.98) 1.01 (0.51-2.02)

4 0

BMI before 2 years (kg/m2)

<18.5 1,211 65 (5.4) 1.74 (1.30-2.33) 1.58 (1.18-2.13) 1.51 (1.11-2.03)
18.5-22.9 5,809 181 (3.1) 1.00 (ref) 1.00 (ref) 1.00 (ref)

23-24.9 3,259 104 (3.2) 1.00 (0.78-1.27) 0.98 (0.79-1.25) 1.00 (0.78-1.29)

25-29.9 3,056 112 (3.7) 1.13 (0.88-1.44) 1.02 (0.79-1.31) 1.01 (0.79-1.31)

328 12 (3.7) 1.13 (0.62-2.05) 0.92 (0.50-1.69) 0.90 (0.49-1.66)

1. Adjusted with age

2. Adjusted with age, education, income, and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency, comorbidity
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4.2.4 Stratification by menopause status in women

In Tables 39 and 40, the results, stratified by menopausal status in

women, were similar except at a few points. In the results with physicians’

diagnoses as outcomes, there was a significantly reduced likelihood in women

who were in the “overweight at risk” or “obese I” group at age 35. In the

menopause strata, there was no such significance in pre-menopausal women.

Pre-menopausal women tended to exhibit a more increased likelihood than the

post-menopausal group.

The results driven by the CES-D score with a cutoff point of 21

indicated certain differences between the pre-menopausal and post-

menopausal groups. Because there was a significantly increased likelihood

among those who were underweight at every time point in post-menopausal

women, only those women who were underweight at age 18-20 and who were

underweight with the lowest BMI showed a significantly increased OR. In

addition, the direction of association was opposite for women who were

underweight at age 50 (OR 0.80 for pre-menopause, OR 1.87 for post-

menopause).
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4.2.5 Weight change and depression

Tables 41 to 44 focus on the association between depression and

weight change from age 18-20 to the baseline survey. The outcome variable

was developed with CES-D scores (cutoff points 16, 21 and 25) and “current

depression” as previously defined.

In men, there were significantly increased likelihoods of depression

in the highest decile of weight change only in the results with a cutoff point of

25. Conversely, all three results with different cutoff points showed an

increased likelihood in women who were categorized in the lowest decile. The

lowest decile of weight change contains the population who mostly

experienced weight loss. As the cutoff increased, the magnitude of the OR also

increased. The ORs of those who were likely to have a score of 16 or higher,

21 or higher or 25 or higher on the CES-D were 1.36 (95% CI 1.01-1.85), 1.64

(95% CI 1.11-2.43) and 1.86 (95% CI 1.15-3.02). Women also showed an

increased likelihood in the highest decile with marginal significance at every

CES-D cutoff point.
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Table 41. Association between weight change from 18-20 years to baseline and self-
reported current depression

Total
N

Current depression diagnosed by physician

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3 OR (95% CI)4

Men (N=44,902)

Average annual weight change by quartile distribution (kg/year)

Q1 11,176 69 (24.3) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 11,210 90 (31.7) 1.32 (0.96-1.81) 1.43 (1.04-1.96) 1.42 (1.03-1.95) 1.39 (1.01-1.91)
Q3 11,264 68 (23.9) 1.07 (0.76-1.50) 1.19 (0.84-1.67) 1.18 (0.84-1.66) 1.11 (0.79-1.57)

Q4 11,252 57 (20.1) 1.10 (0.76-1.60) 1.23 (0.84-1.79) 1.21 (0.83-1.76) 1.07 (0.74-1.57)

Average annual weight change by decile distribution (kg/year)

D1 4,480 30 (10.6) 1.39 (0.80-2.41) 1.32 (0.76-2.29) 1.30 (0.75-2.27) 1.28 (0.73-2.23)

D2 4,486 22 (7.8) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 4,440 34 (13.4) 1.56 (0.91-2.68) 1.61 (0.94-2.75) 1.61 (0.94-2.76) 1.59 (0.92-2.72)

D4 4,486 38 (13.4) 1.76 (1.04-2.99) 1.87 (1.11-3.18) 1.85 (1.09-3.14) 1.80 (1.06-3.06)
D5 4,494 35 (12.3) 1.67 (0.98-2.85) 1.78 (1.04-3.05) 1.75 (1.02-2.99) 1.70 (0.99-2.90)

D6 4,507 28 (9.9) 1.36 (0.78-2.39) 1.46 (0.83-2.57) 1.44 (0.82-2.54) 1.36 (0.77-2.39)

D7 4,496 21 (7.4) 1.06 (0.58-1.94) 1.17 (0.64-2.13) 1.16 (0.63-2.12) 1.09 (0.59-1.99)

D8 4,510 31 (10.9) 1.66 (0.95-2.88) 1.82 (1.05-3.18) 1.80 (1.03-3.15) 1.61 (0.92-2.82)
D9 4,462 24 (8.5) 1.41 (0.78-2.55) 1.55 (0.86-2.81) 1.51 (0.83-2.73) 1.35 (0.75-2.45)

D10 4,541 21 (7.4) 1.47 (0.79-2.76) 1.60 (0.85-3.00) 1.57 (0.84-2.94) 1.34 (0.71-2.52)

Women (N=81,774)6

Average annual weight change by quartile distribution (kg/year)

Q1 20,425 448 (26.7) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 20,321 408 (24.3) 0.86 (0.76-1.00) 0.90 (0.78-1.03) 0.90 (0.79-1.03) 0.88 (0.77-1.01)

Q3 20,515 394 (23.5) 0.87 (0.76-1.00) 0.90 (0.79-1.04) 0.91 (0.79-1.04) 0.88 (0.76-1.00)

Q4 20,513 429 (25.6) 1.08 (0.94-1.24) 1.10 (0.96-1.25) 1.09 (0.95-1.25) 1.00 (0.88-1.15)

Average annual weight change by decile distribution (kg/year)

D1 3,218 197 (11.7) 1.20 (0.98-1.47) 1.20 (0.97-1.47) 1.19 (0.97-1.46) 1.20 (0.98-1.48)

D2 3,129 178 (10.6) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 8,102 169 (10.1) 0.92 (0.75-1.14) 0.93 (0.76-1.16) 0.94 (0.76-1.16) 0.93 (0.75-1.15)
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D4 8,156 158 (9.4) 0.86 (0.69-1.07) 0.88 (0.71-1.10) 0.89 (0.71-1.10) 0.88(0.71-1.10)

D5 8,141 154 (9.2) 0.86 (0.69-1.07) 0.88 (0.71-1.10) 0.88 (0.71-1.10) 0.86 (0.69-1.07)

D6 8,103 165 (9.8) 0.94 (0.76-1.16) 0.97 (0.79-1.21) 0.97 (0.79-1.21) 0.95 (0.77-1.18)

D7 8,247 157 (9.4) 0.90 (0.72-1.11) 0.92 (0.74-1.15) 0.93 (0.74-1.15) 0.89 (0.72-1.10)

D8 8,211 149 (8.9) 0.88 (0.71-1.10) 0.91 (0.73-1.13) 0.91 (0.73-1.13) 0.87 (0.70-1.08)

D9 8,206 175 (10.4) 1.09 (0.88-1.34) 1.11 (0.90-1.37) 1.11 (0.89-1.37) 1.03 (0.83-1.28)

D10 8,261 177 (10.5) 1.25 (1.01-1.54) 1.26 (1.01-1.56) 1.24 (1.00-1.53) 1.12 (0.90-1.39)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and exercise
frequency

4. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking, exercise
frequency and comorbidity

5. For men (kg/year); 25%=0.0604167, 50%=0.2093023, 75%=0.3930233 ; 10%= - 0.060377358,
20%=0.0258064516, 30%=0.0909090909, 40%=0.1490909091, 50%=0.2093023, 60%=0.2727272727,
70%=0.347826087, 80%=0.4457142857, 90%=0.6

6. For women (kg/year); 25%=0.0741935, 50%=0.2105263, 75%=0.3678571 ; 10%= - 0.052941176,
20%=0.0395348837, 30%=0.1047619048, 40%=0.1592592593, 50%=0.2105263158, 60%=0.2675675676,
70%=0.3302325581, 80%=0.4108695652, 90%=0.5414634146
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Table 42. Association between weight change from 18-20 years to baseline and
depressive symptoms by CES-D score (cutoff 16)

Total
N

Self-reported CES-D

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3 OR (95% CI)4

Men (N=7,611)5

Average annual weight change by quartile distribution (kg/year)

Q1 1,901 86 (23.5) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,919 87 (23.8) 1.00 (0.74-1.36) 1.06 (0.78-1.45) 1.09 (0.80-1.48) 1.08 (0.79-1.48)

Q3 1,884 82 (22.4) 0.91 (0.67-1.24) 1.00 (0.73-1.37) 1.03 (0.75-1.41) 1.00 (0.73-1.37)

Q4 1,907 111 (30.3) 1.14 (0.85-1.54) 1.26 (0.93-1.71) 1.30 (0.96-1.77) 1.25 (0.91-1.70)

Average annual weight change by decile distribution (kg/year)

D1 759 41 (11.2) 1.25 (0.78-2.00) 1.18 (0.74-1.90) 1.17 (0.83-1.88) 1.14 (0.71-1.83)

D2 763 33 (9.0) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 757 26 (7.1) 0.89 (0.47-1.34) 0.79 (0.47-1.34) 0.80 (0.47-1.36) 0.79 (0.46-1.34)

D4 764 39 (10.7) 1.19 (0.74-1.91) 1.22 (0.76-1.97) 1.24 (0.76-2.00) 1.22 (0.76-1.98)

D5 777 34 (9.3) 0.99 (0.60-1.61) 1.05 (0.64-1.72) 1.07 (0.65-1.76) 1.05 (0.64-1.72)

D6 744 34 (9.3) 1.02 (0.62-1.66) 1.08 (0.66-1.76) 1.10 (0.67-1.81) 1.06 (0.64-1.74)

D7 767 28 (7.7) 0.79 (0.47-1.32) 0.85 (0.50-1.43) 0.87 (0.52-1.47) 0.83 (0.49-1.40)

D8 759 37 (10.1) 1.04 (0.64-1.68) 1.12 (0.69-1.83) 1.16 (0.71-1.89) 1.12 (0.69-1.83)

D9 762 46 (12.6) 1.25 (0.79-2.00) 1.36 (0.85-2.18) 1.39 (0.87-2.22) 1.33 (0.83-2.14)

D10 762 48 (13.1) 1.28 (0.80-2.05) 1.37 (0.85-2.20) 1.40 (0.87-2.25) 1.29 (0.80-2.07)

Women (N=12,244)6

Average annual weight change by quartile distribution (kg/year)

Q1 3,061 273 (25.5) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 3,050 269 (25.1) 0.98 (0.82-1.17) 1.02 (0.85-1.22) 1.02 (0.85-1.22) 1.01 (0.85-1.21)

Q3 2,081 252 (23.5) 0.91 (0.76-1.09) 0.95 (0.79-1.14) 0.95 (0.79-1.13) 0.94 (0.78-1.13)

Q4 3,052 277 (25.9) 1.06 (0.88-1.26) 1.07 (0.90-1.28) 1.06 (0.88-1.27) 1.04 (0.86-1.24)

Average annual weight change by decile distribution (kg/year)

D1 1,224 136 (12.7) 1.48 (1.13-1.95) 1.44 (1.10-1.91) 1.44 (1.09-1.90) 1.44 (1.09-1.90)
D2 1,224 98 (9.2) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 1,223 100 (9.3) 1.01 (0.76-1.36) 1.03 (0.77-1.38) 1.02 (0.76-1.37) 1.02 (0.76-1.37)
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D4 1,224 107 (10.0) 1.10 (0.83-1.46) 1.12 (0.84-1.50) 1.13 (0.84-1.51) 1.12 (0.84-1.50)

D5 1,216 101 (9.4) 1.04 (0.78-1.39) 1.10 (0.82-1.47) 1.09 (0.81-1.47) 1.09 (0.81-1.46)

D6 1,231 115 (10.7) 1.19 (0.90-1.58) 1.22 (0.92-1.62) 1.22 (0.92-1.62) 1.22 (0.92-1.63)

D7 1,230 104 (9.7) 1.08 (0.81-1.44) 1.12 (0.84-1.50) 1.11 (0.83-1.48) 1.10 (0.82-1.47)

D8 1,224 86 (8.0) 0.89 (0.66-1.20) 0.90 (0.66-1.22) 0.89 (0.66-1.21) 0.88 (0.65-1.20)

D9 1,222 104 (9.7) 1.11 (0.83-1.48) 1.15 (0.86-1.53) 1.13 (0.84-1.51) 1.11 (0.83-1.49)

D10 1,226 120 (11.2) 1.35 (1.02-1.79) 1.34 (1.00-1.78) 1.32 (0.99-1.76) 1.28 (0.96-1.71)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency

4. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking, exercise
frequency and comorbidity

5. For men (kg/year); 25%=0.0542857, 50%=0.2, 75%=0.3833333 ; 10%= - 0.06, 20%=0.01875,
30%=0.0829797234, 40%=0.1382352941, 50%=0.2, 60%=0.264516129, 70%=0.3368421053,
80%=0.4375, 90%=0.5878787879

6. For women (kg/year); 25%=0.0742396, 50%=0.2090909, 75%=0.3666667 ; 10%= - 0.048275862,
20%=0.0404761905, 30%=0.1037037037, 40%=0.1565217391, 50%=0.2090909, 60%=0.2676470588,
70%=0.3315789474, 80%=0.4117647059, 90%=0.5375
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Table 43. Association between weight change from 18-20 years to baseline and
depressive symptoms by CES-D score (cutoff 21)

Total
N

Self-reported CES-D

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3 OR (95% CI)4

Men (N=7,611)5

Average annual weight change by quartile distribution (kg/year)

Q1 1,901 42 (23.5) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,919 50 (27.3) 1.15 (0.76-1.75) 1.23 (0.81-1.87) 1.29 (0.85-1.96) 0.78 (0.51-1.18)

Q3 1,884 34 (18.6) 0.75 (0.48-1.19) 0.83 (0.52-1.32) 0.89 (0.56-1.41) 0.67 (0.43-1.05)

Q4 1,907 56 (30.6) 1.13 (0.74-1.72) 1.28 (0.83-1.96) 1.35 (0.88-2.08) 1.01 (0.67-1.52)

Average annual weight change by decile distribution (kg/year)

D1 759 22 (12.0) 1.70 (0.85-3.41) 1.59 (0.79-3.20) 1.53 (0.76-3.07) 1.48 (0.74-2.99)

D2 763 13 (7.1) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 757 15 (8.2) 1.18 (0.56-2.49) 1.15 (0.54-2.45) 1.17 (0.55-2.49) 1.15 (0.54-2.45)

D4 764 23 (12.6) 1.79 (0.90-3.57) 1.80 (0.90-3.59) 1.84 (0.92-3.69) 1.83 (0.91-3.67)

D5 777 20 (10.9) 1.49 (0.73-3.01) 1.59 (0.78-3.24) 1.65 (0.81-3.37) 1.61 (0.79-3.29)

D6 744 12 (6.6) 0.91 (0.41-2.00) 0.94 (0.43-2.09) 0.98 (0.44-2.17) 0.95 (0.43-2.10)

D7 764 13 (7.1) 0.94 (0.43-2.03) 1.03 (0.47-2.25) 1.08 (0.49-2.37) 1.03 (0.47-2.27)

D8 759 14 (7.7) 1.01 (0.47-2.16) 1.09 (0.50-2.36) 1.15 (0.53-2.50) 1.12 (0.52-2.43)

D9 762 20 (10.9) 1.38 (0.67-2.82) 1.52 (0.74-3.13) 1.57 (0.76-3.23) 1.51 (0.73-3.10)

D10 762 31 (16.9) 2.10 (1.07-4.12) 2.27 (1.15-4.48) 2.33 (1.18-4.60) 2.15 (1.08-4.27)

Women (N=12,244)6

Average annual weight change by quartile distribution (kg/year)

Q1 3,061 162 (26.6) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 3,050 147 (24.2) 0.90 (0.72-1.13) 0.94 (0.75-1.19) 0.95 (0.75-1.19) 1.06 (0.84-1.34)

Q3 3,081 132 (21.7) 0.80 (0.63-1.01) 0.83 (0.66-1.06) 0.83 (0.65-1.05) 0.88 (0.69-1.12)

Q4 3,052 167 (27.5) 1.05 (0.84-1.31) 1.07 (0.85-1.34) 1.05 (0.84-1.32) 1.10 (0.87-1.39)

Average annual weight change by decile distribution (kg/year)

D1 1,224 88 (14.5) 1.78 (1.25-2.53) 1.73 (1.21-2.46) 1.72 (1.20-2.45) 1.72 (1.20-2.46)
D2 1,224 52 (8.6) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 1,223 46 (7.6) 0.88 (0.59-1.32) 0.89 (0.59-1.34) 0.89 (0.59-1.34) 0.89 (0.59-1.34)
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D4 1,224 66 (10.9) 1.28 (0.89-1.86) 1.32 (0.91-1.92) 1.34 (0.92-1.95) 1.33 (0.92-1.94)

D5 1,216 57 (9.4) 1.11 (0.75-1.62) 1.17 (0.79-1.72) 1.17 (0.79-1.72) 1.16 (0.79-1.72)

D6 1,231 57 (9.4) 1.10 (0.75-1.61) 1.12 (0.76-1.65) 1.12 (0.76-1.65) 1.12 (0.76-1.66)

D7 1,230 59 (9.7) 1.14 (0.78-1.67) 1.19 (0.81-1.74) 1.17 (0.80-1.73) 1.17 (0.79-1.72)

D8 1,224 45 (7.4) 0.87 (0.58-1.31) 0.88 (0.59-1.33) 0.87 (0.58-1.32) 0.87 (0.58-1.31)

D9 1,222 63 (10.4) 1.25 (0.86-1.82) 1.29 (0.88-1.89) 1.27 (0.37-1.86) 1.25 (0.56-1.84)

D10 1,226 75 (12.3) 1.53 (1.06-2.21) 1.52 (1.05-2.21) 1.50 (1.03-2.18) 1.47 (1.01-2.13)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency

4. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking, exercise
frequency and comorbidity

5. For men (kg/year); 25%=0.0542857, 50%=0.2, 75%=0.3833333 ; 10%= - 0.06, 20%=0.01875,
30%=0.0829797234, 40%=0.1382352941, 50%=0.2, 60%=0.264516129, 70%=0.3368421053,
80%=0.4375, 90%=0.5878787879

6. For women (kg/year); 25%=0.0742396, 50%=0.2090909, 75%=0.3666667 ; 10%= - 0.048275862,
20%=0.0404761905, 30%=0.1037037037, 40%=0.1565217391, 50%=0.2090909, 60%=0.2676470588,
70%=0.3315789474, 80%=0.4117647059, 90%=0.5375
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Table 44. Association between weight change from 18-20 years to baseline and
depressive symptoms by CES-D score (cutoff 25)

Total
N

Self-reported CES-D

Case
N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3 OR (95% CI)4

Men (N=7,611)5

Average annual weight change by quartile distribution (kg/year)

Q1 1,901 29 (25.2) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,919 29 (25.2) 0.99 (0.59-1.67) 1.05 (0.62-1.78) 1.09 (0.65-1.85) 0.92 (0.54-1.56)

Q3 1,884 18 (15.7) 0.59 (0.33-1.08) 0.65 (0.36-1.18) 0.68 (0.37-1.25) 0.61 (0.33-1.10)

Q4 1,907 39 (33.9) 1.16 (0.70-1.93) 1.28 (0.76-2.16) 1.34 (0.80-2.27) 1.17 (0.70-1.96)

Average annual weight change by decile distribution (kg/year)

D1 759 14 (12.2) 1.55 (0.67-3.61) 1.45 (0.62-3.38) 1.39 (0.59-3.26) 1.34 (0.57-3.15)

D2 763 9 (7.8) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 757 12 (10.4) 1.36 (0.57-3.26) 1.33 (0.56-3.20) 1.34 (0.56-3.22) 1.32 (0.55-3.17)

D4 764 14 (12.2) 1.57 (0.67-3.64) 1.55 (0.66-3.64) 1.58 (0.68-3.72) 1.57 (0.67-3.68)

D5 777 9 (7.8) 0.96 (0.38-2.44) 1.02 (0.40-2.59) 1.04 (0.41-2.65) 1.01 (0.39-2.56)

D6 744 8 (7.0) 0.88 (0.34-2.29) 0.90 (0.34-2.35) 0.92 (0.35-2.43) 0.88 (0.34-2.32)

D7 764 7 (6.1) 0.73 (0.27-1.98) 0.79 (0.29-2.15) 0.82 (0.30-2.25) 0.78 (0.28-2.12)

D8 759 6 (5.2) 0.62 (0.22-1.75) 0.66 (0.23-1.88) 0.68 (0.34-1.96) 0.66 (0.23-1.88)

D9 762 10 (8.7) 0.99 (0.39-2.47) 1.06 (0.42-2.67) 1.07 (0.43-2.71) 1.01 (0.40-2.57)

D10 762 26 (22.6) 2.53 (1.15-5.59) 2.66 (1.19-5.91) 2.71 (1.22-6.03) 2.45 (1.10-5.49)

Women (N=12,244)6

Average annual weight change by quartile distribution (kg/year)

Q1 2,061 111 (27.9) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 3,050 89 (22.4) 0.79 (0.60-1.05) 0.83 (0.63-1.11) 0.84 (0.63-1.11) 1.20 (0.90-1.60)

Q3 3,081 88 (22.1) 0.78 (0.58-1.03) 0.82 (0.62-1.09) 0.91 (0.61-1.08) 0.97 (0.72-1.31)

Q4 3,052 110 (27.6) 1.01 (0.77-1.33) 1.03 (0.78-1.35) 1.02 (0.77-1.34) 1.21 (0.90-1.62)

Average annual weight change by decile distribution (kg/year)

D1 1,224 61 (15.3) 1.88 (1.23-2.89) 1.84 (1.20-2.83) 1.83 (1.19-2.82) 1.83 (1.19-2.82)
D2 1,224 34 (8.5) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 1,223 32 (8.0) 0.94 (0.58-1.53) 0.95 (0.58-1.56) 0.96 (0.59-1.58) 0.96 (0.58-1.57)
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D4 1,224 41 (10.3) 1.21 (0.77-1.93) 1.26 (0.79-2.00) 1.28 (0.81-2.05) 1.28 (0.80-2.04)

D5 1,216 32 (8.0) 0.94 (0.58-1.54) 1.01 (0.62-1.65) 1.01 (0.62-1.66) 1.01 (0.62-1.65)

D6 1,231 35 (8.8) 1.02 (0.63-1.65) 1.06 (0.66-1.72) 1.06 (0.66-1.72) 1.06 (0.66-1.72)

D7 1,230 38 (9.6) 1.12 (0.70-1.80) 1.18 (0.73-1.89) 1.16 (0.72-1.86) 1.15 (0.72-1.85)

D8 1,224 39 (9.8) 1.16 (0.73-1.85) 1.20 (0.75-1.92) 1.18 (0.74-1.90) 1.18 (0.73-1.89)

D9 1,222 41 (10.3) 1.24 (0.78-1.97) 1.30 (0.81-2.07) 1.28 (0.80-2.05) 1.27 (0.80-2.03)

D10 1,226 45 (11.3) 1.41 (0.89-2.23) 1.40 (0.88-.22) 1.38 (0.87-2.20) 1.36 (0.85-2.16)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency

4. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking,
exercise frequency and comorbidity

5. For men (kg/year); 25%=0.0542857, 50%=0.2, 75%=0.3833333 ; 10%= - 0.06, 20%=0.01875,
30%=0.0829797234, 40%=0.1382352941, 50%=0.2, 60%=0.264516129, 70%=0.3368421053,
80%=0.4375, 90%=0.5878787879

6. For women (kg/year); 25%=0.0742396, 50%=0.2090909, 75%=0.3666667 ; 10%= - 0.048275862,
20%=0.0404761905, 30%=0.1037037037, 40%=0.1565217391, 50%=0.2090909, 60%=0.2676470588,
70%=0.3315789474, 80%=0.4117647059, 90%=0.5375
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Tables 45 to 48 show the association between depression and the

magnitude of weight change from the highest to the lowest weight considering

time sequence after age 18. In men, the results were different according to the

cutoff point. In measuring depression with CES-D cutoff scores of 16 and 21,

people who gained 7.9 to 9.9 kg showed a protective likelihood OR of 0.51

(95% CI 0.26-0.98) and an OR of 0.35 (95% 0.13-0.96). Men who had a cutoff

point of 25 showed a significantly increased likelihood of depressive

symptoms in the highest decile of weight change (men who gained more than

20 kg between their lowest and their highest weights, OR 2.57, 95% CI 1.07-

6.18).

Women who were deemed to have depressive symptoms with cutoff

points of 16 and 21 showed an increased OR in the lowest decile with marginal

significance (OR 1.25, 95% CI 0.93-1.68 for a cutoff of 16 and an OR of 1.41,

95% CI 0.97-2.06 for a cutoff of 21, respectively). Women in the lowest decile

gained less than 5 kg or lost weight.

Among people who reported having current depression after having

been diagnosed by a physician as an outcome, only women who were in the

lowest decile of weight change showed a significantly increased likelihood

(OR 1.78, 95% CI 1.36-2.32). Instead, both men and women exhibited an

increased likelihood that was approximately twice the magnitude in the higher
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weight gain groups.
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Table 45. Association between magnitude of weight change from highest to lowest
weight considering time sequence after age 18 and current depression diagnosed by
physician

Total
N

Current depression diagnosed by physician

Case N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3 OR (95% CI)4

Men (N=34,418)5

Weight change by quartile distribution (kg)

Q1 8,605 48 (22.9) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 7,431 35 (16.7) 0.91 (0.59-1.41) 0.98 (0.63-1.52) 0.98 (0.63-1.53) 1.00 (0.65-1.56)

Q3 9,403 67 (31.9) 1.41 (0.97-2.06) 1.53 (1.05-2.23) 1.53 (1.05-2.23) 1.49 (1.02-2.17)
Q4 8,979 60 (28.6) 1.38 (0.94-2.03) 1.51 (1.02-2.23) 1.49 (1.01-2.19) 1.31 (0.89-1.94)

Weight change by decile distribution (kg)

D1 3,352 26 (12.4) 2.02 (1.02-4.10) 1.98 (1.00-3.94) 1.91 (0.96-3.80) 1.74 (0.87-3.46)

D2 3,201 12 (5.7) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 3,476 15 (7.1) 1.24 (0.58-2.64) 1.31 (0.61-2.80) 1.32 (0.61-2.82) 1.36 (0.63-2.91)

D4 2,991 15 (7.1) 1.44 (0.67-3.08) 1.55 (0.72-3.32) 1.54 (0.72-3.30) 1.51 (0.70-3.24)

D5 3,016 15 (7.1) 1.45 (0.68-3.11) 1.59 (0.74-3.41) 1.57 (0.73-3.37) 1.54 (0.72-3.30)

D6 3,465 26 (12.4) 2.22 (1.12-4.41) 2.39 (1.20-4.77) 2.37 (1.19-4.72) 2.26 (1.14-4.51)
D7 4,392 32 (15.2) 2.16 (1.11 -4.21) 2.38 (1.22-4.65) 2.34 (1.20-4.57) 2.20 (1.12-4.29)
D8 3,630 23 (10.1) 1.92 (0.95-3.87) 2.10 (1.04-4.24) 2.05 (1.02-4.16) 1.85 (0.91-3.75)

D9 3,393 24 (11.4) 2.17 (1.08-4.37) 2.41 (1.20-4.84) 2.35 (1.17-4.74) 2.04 (1.01-4.12)
D10 3,502 22 (10.5) 1.97 (0.97-4.01) 2.14 (1.05-4.35) 2.05 (1.01-4.18) 1.69 (0.83-3.46)

Women (N=62,650)6

Weight change by quartile distribution (kg)

Q1 14,319 248 (20.6) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 16,148 241 (20.0) 0.87 (0.72-1.04) 0.89 (0.75-1.07) 0.90 (0.75-1.08) 0.91 (0.76-1.08)

Q3 16,005 280 (23.3) 1.00 (0.84-1.18) 1.03 (0.97-1.23) 1.04 (0.87-1.24) 1.02 (0.86-1.21)

Q4 16,178 435 (36.1) 1.51 (1.29-1.77) 1.53 (1.31-1.80) 1.52 (1.30-1.78) 1.42 (1.21-1.67)
Weight change by decile distribution (kg)

D1 5,343 135 (11.2) 1.96 (1.50-2.56) 1.92 (1.47-2.51) 1.86 (1.42-2.43) 1.78 (1.36-2.32)
D2 7,182 93 (7.7) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 4,376 60 (5.0) 1.07 (0.77-1.48) 1.07 (0.77-1.48) 1.07 (0.77-1.48) 1.06 (0.76-1.47)
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D4 6,378 100 (8.3) 1.22 (0.92-1.63) 1.25 (0.94-1.66) 1.25 (0.94-1.66) 1.22 (0.92-1.63)

D5 7,188 101 (8.4) 1.09 (0.82-1.45) 1.13 (0.85-1.50) 1.13 (0.85-1.50) 1.11 (0.83-1.47)

D6 7,139 115 (9.6) 1.23 (0.94-1.62) 1.27 (0.96-1.67) 1.26 (0.96-1.66) 1.23 (0.93-1.62)

D7 6,249 112 (9.3) 1.37 (1.04-1.81) 1.40 (1.06-1.85) 1.39 (1.06-1.84) 1.33 (1.01-1.76)
D8 5,325 100 (8.3) 1.41 (1.06-1.88) 1.44 (1.08-1.92) 1.43 (1.07-1.90) 1.36 (1.02-1.81)
D9 6,687 185 (15.4) 2.09 (1.63-2.69) 2.14 (1.66-2.75) 2.12 (1.65-2.73) 1.98 (1.54-2.56)

D10 6,783 203 (16.9) 2.25 (1.76-2.89) 2.25 (1.75-2.88) 2.17 (1.60-2.78) 1.94 (1.51-2.49)

1. Adjusted with age

2. Adjusted with age, education, income and marital status

3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking and
exercise frequency

4. Adjusted with age, education, income, marital status, alcohol consumption, cigarette smoking, exercise
frequency and comorbidity

5. For men (kg); 25%=4.6, 50%=10.0, 75%=16.0; 10%= -7.1, 20%=2, 30%=5.9, 40%=8, 50%=10,
60%=12, 70%=14.9, 80%=17.2, 90%=21.9

6. For women (kg/year); 25%=5.0, 50%=10.0, 75%=15.0; 10%= -7, 20%=3.9, 30%=6, 40%=8, 50%=10,
60%=11.8, 70%=13.8, 80%=16, 90%=19.9
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Table 46. Association between magnitude of weight change from
highest to lowest weight considering time sequence after age 18 and
depressive symptoms by CES-D score (cutoff 16)

Total N

Self-reported CES-D

Case
N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=6,761)4

Weight change by quartile distribution (kg)

Q1 1,624 75 (4.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,643 58 (3.5) 0.74 (0.52-1.05) 0.78 (0.55-1.11) 0.82 (0.57-1.17)

Q3 1,801 96 (5.3) 1.11 (0.82-1.52) 1.26 (0.92-1.73) 1.29 (0.93-1.77)

Q4 1,693 86(5.1) 1.04 (0.76-1.44) 1.15 (0.83-1.60) 1.12 (0.80-1.56)

Weight change by decile distribution (kg)

D1 685 35 (5.1) 1.09 (0.67-1.78) 1.03 (0.63-1.69) 0.94 (0.57-1.55)

D2 674 32 (4.8) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 700 26 (3.7) 0.76 (0.45-1.29) 0.78 (0.46-1.33) 0.78 (0.46-1.34)

D4 647 26 (4.0) 0.82 (0.49-1.40) 0.80 (0.47-1.37) 0.80 (0.47-1.38)

D5 557 13 (2.3) 0.46 (0.24-0.89) 0.51 (0.26-0.99) 0.51 (0.26-0.98)
D6 684 40 (5.9) 1.20 (0.75-1.94) 1.32 (0.81-2.14) 1.28 (0.79-2.09)

D7 792 42 (5.3) 1.07 (0.67-1.72) 1.19 (0.74-1.93) 1.16 (0.71-1.88)

D8 568 23 (4.1) 0.81 (0.47-1.40) 0.86 (0.49-1.50) 0.86 (0.49-1.50)

D9 686 30 (4.4) 0.87 (0.52-1.45) 0.94 (0.56-1.57) 0.89 (0.53-1.49)

D10 768 48 (6.3) 1.26 (0.79-2.00) 1.34 (0.84-2.15) 1.22 (0.76-1.97)

Women (N=11,414)5

Weight change by quartile distribution (kg)

Q1 2,569 222 (8.6) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 2,885 218 (7.6) 0.87 (0.72-1.06) 0.90 (0.74-1.10) 0.91 (0.74-1.10)

Q3 2,920 237 (8.1) 0.93 (0.77-1.13) 0.99 (0.82-1.20) 0.99 (0.81-1.20)

Q4 264 264 (8.7) 1.00 (0.83-1.20) 1.03 (0.85-1.24) 1.01 (0.83-1.22)

Weight change by decile distribution (kg)

D1 968 98 (10.1) 1.29 (0.97-1.73) 1.30 (0.97-1.74) 1.25 (0.93-1.68)

D2 1,286 103 (8.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)
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D3 733 49 (5.2) 0.82 (0.58-1.17) 0.83 (0.58-1.18) 0.83 (0.58-1.19)

D4 1,185 96 (8.1) 1.02 (0.76-1.36) 1.06 (0.79-1.42) 1.04 (0.77-1.39)

D5 1,281 94 (7.3) 0.92 (0.68-1.23) 0.96 (0.72-1.29) 0.96 (0.71-1.29)

D6 1,325 108 (8.2) 1.02 (0.77-1.35) 1.08 (0.81-1.44) 1.07 (0.80-1.42)

D7 1,128 85 (7.5) 0.94 (0.70-1.27) 1.00 (0.74-1.35) 0.97 (0.71-1.31)

D8 989 92 (9.3) 1.17 (0.87-1.57) 1.24 (0.92-1.67) 1.23 (0.91-1.65)

D9 1,235 99 (8.0) 1.00 (0.75-1.33) 1.04 (0.78-1.39) 1.02 (0.76-1.37)

D10 1,284 117 (9.1) 1.14 (0.86-1.50) 1.15 (0.87-1.53) 1.09 (0.82-1.44)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette
smoking, exercise frequency and comorbidity
4. For men (kg); 25%=4, 50%=10, 75%=15.8; 10%= -7.1, 20%=1.9, 30%=5.1, 40%=7.9,
50%=9.9, 60%=12, 70%=14.1, 80%=17, 90%=21
5. For women (kg/year); 25%=5, 50%=10, 75%=15; 10%= -7, 20%=3.9, 30%=6, 40%=8,
50%=9.9, 60%=11.9, 70%=13.9, 80%=16, 90%=20
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Table 47. Association between magnitude of weight change from highest
to lowest weight considering time sequence after age 18 and depressive
symptoms by CES-D score (cutoff 21)

Total N

Self-reported CES-D

Total score 21
Case
N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=6,761)4

Weight change by quartile distribution (kg)

Q1 1,624 39 (2.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,643 31 (1.9) 0.76 (0.47-1.22) 0.79 (0.49-1.28) 0.83 (0.51-1.35)

Q3 1,801 44 (2.4) 0.97 (0.63-1.51) 1.10 (0.70-1.71) 1.13 (0.72-1.77)

Q4 1,693 51 (3.0) 1.19 (0.77-1.82) 1.33 (0.86-2.05) 1.30(0.83-2.02)

Weight change by decile distribution (kg)

D1 685 19 (2.8) 1.05 (0.55-2.03) 1.04 (0.54-2.00) 0.93 (0.48-1.80)

D2 674 18 (2.7) 1.00 (ref) 1.00 (ref) 1.00 (ref)

D3 700 13 (1.9) 0.68 (0.33-1.40) 0.69 (0.34-1.44) 0.72 (0.35-1.49)

D4 647 15 (2.3) 0.84 (0.42 -1.68) 0.83 (0.41-1.67) 0.83 (0.41-1.69)

D5 557 5 (0.9) 0.32 (0.12-0.86) 0.35 (0.13-0.96) 0.35 (0.13-0.96)
D6 684 18 (2.6) 0.95 (0.49-1.85) 1.07 (0.55-2.08) 1.03 (0.52-2.01)

D7 792 21 (2.7) 0.95 (0.50-1.79) 1.06 (0.55-2.02) 1.03 (0.54-1.97)

D8 568 8 (1.4) 0.50 (0.51-1.15) 0.55 (0.23-1.28) 0.56 (0.24-1.31)

D9 686 16 (2.3) 0.83 (0.42-1.65) 0.93 (0.46-1.85) 0.89 (0.44-1.78)

D10 768 32 (4.2) 1.47 (0.82-2.66) 1.32 (0.89-2.96) 1.49 (0.81-2.74)

Women (N=11,414)5

Weight change by quartile distribution (kg)

Q1 2,569 127 (4.9) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 2,885 111 (3.9) 0.77 (0.60-1.00) 0.80 (0.62-1.05) 0.80 (0.62-1.04)

Q3 2,920 141 (4.8) 0.98 (0.76-1.25) 1.04 (0.81-1.33) 1.03 (0.80-1.32)

Q4 264 152 (5.0) 1.01 (0.79-1.28) 1.04 (0.81-1.33) 1.02 (0.80-1.30)

Weight change by decile distribution (kg)

D1 968 60 (6.2) 1.45 (1.00-2.11) 1.46 (1.00-2.13) 1.41 (0.97-2.06)

D2 1,286 56 (4.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)
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D3 733 24 (3.3) 0.75 (0.46-1.21) 0.75 (0.46-1.23) 0.75 (0.46-1.22)

D4 1,185 50 (4.2) 0.97 (0.66-1.44) 1.02 (0.69-1.51) 1.00 (0.67-1.48)

D5 1,281 48 (3.8) 0.86 (0.58-1.28) 0.91 (0.61-1.35) 0.90 (0.60-1.34)

D6 1,325 65 (4.9) 1.14 (0.79-1.64) 1.21 (0.84-1.75) 1.19 (0.82-1.73)

D7 1,128 48 (4.3) 0.98 (0.66-1.45) 1.04 (0.70-1.55) 1.01 (0.67-1.50)

D8 989 52 (5.3) 1.22 (0.83-1.79) 1.29 (0.87-1.91) 1.27 (0.86-1.89)

D9 1,235 64 (25.2) 1.20 (0.83-1.43) 1.26 (0.87-1.82) 1.24 (0.85-1.80)

D10 1,284 64 (5.0) 1.15 (0.79-1.66) 1.16 (0.80-1.68) 1.10 (0.75-1.59)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette
smoking, exercise frequency and comorbidity
4. For men (kg); 25%=4, 50%=10, 75%=15.8; 10%= -7.1, 20%=1.9, 30%=5.1, 40%=7.9,
50%=9.9, 60%=12, 70%=14.1, 80%=17, 90%=21
5. For women (kg/year); 25%=5, 50%=10, 75%=15; 10%= -7, 20%=3.9, 30%=6, 40%=8,
50%=9.9, 60%=11.9, 70%=13.9, 80%=16, 90%=20
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Table 48. Association between magnitude of weight change from
highest to lowest weight considering time sequence after age 18 and
depressive symptoms by CES-D score (cutoff 25)

Total N

Self-reported CES-D

Total score 25
Case
N(%) OR (95% CI)1 OR (95% CI)2 OR (95% CI)3

Men (N=6,761)4

Weight change by quartile distribution (kg)

Q1 1,624 23 (1.4) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 1,643 19 (1.2) 0.78 (0.42-1.44) 0.81 (0.44-1.51) 0.87 (0.47-1.61)

Q3 1,801 26 (1.4) 0.96 (0.54-1.69) 1.08 (0.61-1.93) 1.08 (0.61-1.94)

Q4 1,693 33 (2.0) 1.28 (0.74-2.20) 1.42 (0.82-2.47) 1.35 (0.77-2.36)

Weight change by decile distribution (kg)

D1 685 15 (14.9) 2.17 (0.88-5.36) 2.13 (0.86-5.28) 1.86 (0.74-4.66)

D2 674 7 (6.9) 1.00 (ref) 1.53 (0.59-4.00) 1.00 (ref)

D3 700 11 (1.6) 1.49 (0.57-3.87) 0.98 (0.34-2.82) 1.59 (0.61-4.16)

D4 647 7 (1.1) 1.01 (0.35-2.89) 0.37 (0.08-1.80) 0.98 (0.34-2.83)

D5 557 2 (0.4) 0.33 (0.07-1.59) 1.22 (0.44-3.40) 0.37 (0.08-1.80)

D6 684 8 (1.2) 1.08 (0.39-2.99) 1.22 (0.44-3.40) 1.14 (0.40-3.20)

D7 792 14 (1.8) 1.61 (0.64-4.02) 1.76 (0.70-4.45) 1.64 (0.65-4.15)

D8 568 7 (1.2) 1.12 (0.39-3.22) 1.27 (0.44-3.67) 1.26 (0.43-3.68)

D9 686 7 (1.0) 0.92 (0.32-2.65) 1.02 (0.35-2.94) 0.94 (0.62-2.74)

D10 768 23 (3.0) 2.69 (1.14-6.34) 2.95 (1.24-7.03) 2.57 (1.07-6.18)

Women (N=11,414)5

Weight change by quartile distribution (kg)

Q1 2,569 79 (3.1) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q2 2,885 73 (2.5) 0.82 (0.59-1.13) 0.86 (0.63-1.20) 0.86 (0.62-1.19)

Q3 2,920 92 (3.2) 1.02 (0.75-1.39) 1.11 (0.82-1.51) 1.10 (0.81-1.50)

Q4 264 105 (3.5) 1.12 (0.83-1.50) 1.16 (0.86-1.57) 1.13 (0.83-1.53)

Weight change by decile distribution (kg)

D1 968 34 (3.5) 1.20 (0.75-1.92) 1.23 (0.76-1.97) 1.16 (0.72-1.87)

D2 1,286 38 (3.0) 1.00 (ref) 1.00 (ref) 1.00 (ref)
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D3 733 16 (2.2) 0.73 (0.41-1.32) 0.75(0.41-1.36) 0.74 (0.41-1.35)

D4 1,185 33 (2.8) 0.94(0.59-1.51) 1.00 (0.62-1.61) 0.98 (0.61-1.58)

D5 1,281 31 (2.4) 0.82 (0.51-1.32) 0.89 (0.55-1.44) 0.87 (0.54-1.42)

D6 1,325 46 (3.5) 1.18 (0.76-1.83) 1.30 (0.84-2.02) 1.28 (0.82-1.99)

D7 1,128 28 (2.5) 0.83 (0.51-1.37) 0.91 (0.55-1.49) 0.87 (0.53-1.44)

D8 989 33 (3.3) 1.13 (0.70-1.81) 1.23 (0.76-1.98) 1.20 (0.74-1.94)

D9 1,235 48 (3.9) 1.32 (0.86-2.04) 1.41 (0.91-2.18) 1.37 (0.88-2.13)

D10 1,284 42 (3.3) 1.10 (0.71-1.72) 1.13 (0.72-1.76) 1.05 (0.67-1.65)

1. Adjusted with age

2. Adjusted with age, education, income and marital status
3. Adjusted with age, education, income, marital status, alcohol consumption, cigarette
smoking, exercise frequency and comorbidity
4. For men (kg); 25%=4, 50%=10, 75%=15.8; 10%= -7.1, 20%=1.9, 30%=5.1, 40%=7.9,
50%=9.9, 60%=12, 70%=14.1, 80%=17, 90%=21
5. For women (kg/year); 25%=5, 50%=10, 75%=15; 10%= -7, 20%=3.9, 30%=6, 40%=8,
50%=9.9, 60%=11.9, 70%=13.9, 80%=16, 90%=20
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4.2.6 The joint correlation between BMI at ages 18-20, weight change and

depression

Tables 49 to 50 assess the association between depression and the joint

effect of weight at age 18-20 and consequent weight change. The results were

similar in two different outcomes: depression evaluated by a CES-D score and

participants reporting having current depression. In both cases, there was a

significantly increased likelihood among 1) people who were underweight at

age 18-20 and had a relatively stable weight and 2) women who had a normal

BMI at age 18-20 and had gradually lost weight. The CES-D results, but not

the self-reported current depression, showed an increased likelihood of

depressive symptoms in women who were in the “obese I” group at age 18-20

with subsequent weight loss. Additionally, women who had a normal BMI at

age 18-20 and had severe weight gain showed an increased OR (OR 1.57, 95%

CI 1.11-2.22).
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5. DISCUSSION

5.1 Interpretation of the results

5.1.1 The systematic review and meta-analysis

5.1.1.1 Summary of the results

In this study, we observed that being underweight (BMI<18.5 kg/m2)

increases the risk of depression in both longitudinal and cross-sectional

settings. In addition, being overweight (BMI 25.0-29.9 kg/m2) showed a

decreased risk of depression in men and an increased risk in women in the

cohort studies. Being obese (BMI 30 kg/m2) showed an increased risk and the

likelihood of depression in both longitudinal and cross-sectional designs. In

cross-sectional designs, people with more severe obesity (BMI 2)

showed a stronger association, which reflects a dose-response pattern. An

increased WC of over 102 cm in men and 88 cm in women also increased the

risk of depression. In our study, both weight gain and weight loss showed an

increased OR in the pooled results with marginal significance. No significant

difference by the quality of the studies was identified.
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5.1.1.2 Study designs in the meta-analysis

Overall, there was significantly less heterogeneity in the cohort

studies than in the cross-sectional studies. However, the results from the cross-

sectional studies are not free from reporting bias; several studies suggest that

depression can influence the validity of self-reported BMI in the obese

population, particularly in women who underestimate their weight (296-298).

It is known that there is a significant association between psychological

distress and the perception of being underweight (299), and it is possible that

people who developed depression from this psychological distress may recall

their weight as less than their actual weight was. Nevertheless, the pooled OR

from the cohort studies showed a significantly increased risk of depression in

the underweight population.

5.1.1.3 Being underweight and the risk/likelihood of depression

Being underweight increased the risk or likelihood of depression,

regardless of gender. Although there are numerous mechanisms explaining the

association between obesity and depression, scant evidence supports the

correlation between underweight and depression. Yu et al. asserted that
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underweight people may have a negative body image and that their low self-

esteem correlates to depressive symptoms (88). In certain societies, men prefer

to have a large and muscular body. Being underweight may engender a

negative body image and increase the possibility of depression (86). However,

underweight women also demonstrated an increased risk of depression in this

study, and there may be underlying biological factors present in this

relationship.

5.1.1.4 Obesity and the risk/likelihood of depression

In this study, being obese was associated with an increased risk for

depression in the dose-response pattern, and this result is consistent with the

previous meta-analysis (111). A relatively large number of studies have

evaluated the potential mechanisms linking obesity and a depressive state.

Inflammation was one of the connecting factors because being obese is

associated with having more inflammatory conditions, and weight gain is

believed to provoke inflammatory pathways (300).

5.1.1.5 Effect modifiers and subgroup analysis

243

243



The association between obesity and depression is known to be

dependent on other factors such as ethnicity, age or gender (175), and the

results of this meta-analysis confirm that association. In the overweight and

obese population, the results differ according to sex. In the cohort studies,

being overweight had a protective effect in men but led to an increased risk in

women. In the obese population with a BMI greater than 30 kg/m2, women

demonstrated an increased association in both the cohort and cross-sectional

studies. It appears that the current ideal of slenderness affects women more

than their male counterparts (301) and consequently generates more

psychological distress that develops into depression. Conversely, overweight

men showed a significantly decreased risk of depression. Some researchers

noted the “jolly fat hypothesis”, which originally asserted that a high body

weight is negatively associated with depressive symptoms in men (302). This

hypothesis is not consistent with evidence supporting a positive association

between obesity and depression. The “jolly fat hypothesis” suggests that the

manner of eating and being obese may lessen dysphoria, anxiety and

depression in men (103). It is also possible that overweight men consume

certain nutrients such as carbohydrates, which, in turn, may prevent depressive

symptoms by a form of self-medication. Carbohydrate-rich foods increase

central serotonin activity, which helps to regulate individuals’ moods (303).
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Furthermore, the results differed by continent. In examining the

relationship between being underweight and depression in the cohort studies,

people fromAsia presented the highest increased OR compared to results from

the U.S., which showed a decreased OR, although the difference was not

statistically significant. Conversely, people from Oceania showed the highest

likelihood compared to other continents, with statistical significance. In cross-

sectional studies, the overweight population from the Middle East and Europe

showed an elevated OR; the results from other continents showed a decreased

OR for depression. Likewise, a study from Oceania showed the highest OR

increase in the obese population compared to the results from other continents.

In cross-sectional studies examining the association between increased WC

and depression, results from North America showed a greater OR compared

to Europe. These different results reflect that there may be cultural influences

on the conception of ideal bodyweight and related social pressures influencing

the relationship between body size and depression.

There were virtually no differences in the risk/likelihood of

depression in the underweight population regarding definitions of depression,

whereas the overweight/obese group showed some differences. In the

overweight and obese population, self-reported depression showed a higher

OR than depression confirmed by clinical diagnosis in both cohort and cross-
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sectional studies. It is possible that being overweight/obese provokes a

subjective depressive mood, whereas being overweight is less influential in

the development of clinical depression.

5.1.1.6 Weight change and depression

Although there were no significant results in weight change, including

weight gain and loss, all of the results showed an increased OR with marginal

significance. In total weight change by 1 unit of BMI, children aged 18 or

younger showed an increased OR for depression compared to adults over 18,

who did not show a significant result. In addition, although there was no

statistically significant difference, depression that was diagnosed using self-

reported scales showed an increased OR for depression compared to

depression diagnosed clinically in both weight gain and weight loss. In weight

gain and weight loss, people from North America showed the most increased

OR for depression compared to other continents.
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5.1.2 From the HEXA study

5.1.2.1 Summary of the results

In this study, being underweight was associated with later depression

in both physicians’ diagnoses and CES-D measures. Overall, both men and

women in the highest weight gain group showed an increased likelihood of

depression, whereas only women who lost weight after the age of 18-20 or

after their highest weight showed an increased OR for later depression.

The mean age of depression onset was 50.4 years in men and 47.4 years in

women. When current depression was defined by the maintenance of

depressive symptoms in people with a previous depression diagnosis, the

prevalence was 0.8% in men and 2.9% in women. With the CES-D measure,

the prevalence of people with depressive symptoms was 7.9, 4.5 and 2.9%

using the cutoffs of 16, 21 and 25, respectively. The proportions of being

underweight (BMI<18.5 kg/m2) were 1.3% in men and 2.0% in women,

w 2) were 70.1% in

men and 56.1% in women. Approximately 2.8% of men and 6.5% of women

were reported to be underweight (BMI<18.5 kg/m2), and 36.6% of men and

27.8% of women were reported to be overweight 2) based on

the data of WHO (304); thus, there were fewer underweight people and more
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overweight people in this study than in previous reports.

5.1.2.2 Interpretation of the results

The prevalence of depression in this study was 0.9% in men and 2.9%

in women. Because the previously reported prevalence of depression was 3-

5%, our results appear to be slightly underreported although comparable to

other studies. This study was able to compare the proportions of each recalled

BMI category with the results of the KNHANES in 1998. In men at ages 35

and 50, the majority of the results were similar, except the low reporting rate

of underweight. From another point of view, women are inclined to report their

weight to be lower than it actually is. Therefore, the results in men are more

likely to be underestimated, whereas the results in women are more likely to

be overestimated.

In this study, being underweight at nearly any point in one’s life was

associated with later depression in both men and women. In men, being

underweight, particularly in early adulthood, showed a significantly increased

OR of later depression. In addition, people in the “obese I” group (BMI 25.0-

29.9 kg/m2) generally showed a decreased OR for depression. One study

conducted in Taiwan presents similar results, showing a significantly
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increased OR for depression (OR 2.68, 95%CI 1.85-3.88) in underweight men

(BMI<18.5 kg/m2) and a decreased OR for depression (OR 0.62, 95% CI 0.46-

2) (88). An ESCAPAD study conducted

in France reported that obese adolescent girls are less likely to be depressed

than overweight girls (89). Results from the Korean Longitudinal Study of

Aging suggest that underweight middle-aged Koreans are more prone to

experiencing depressive symptoms (90).

However, numerous studies support opposing concepts, indicating

that the likelihood of depression increases in the obese population (80, 82-85,

305). One study that analyzed the Third NHANES proposed that there is only

a significant association between depression and people who are severely

obese (81). In several prospective cohort studies, including the Northern

Finland 1966 Birth Cohort Study or the Alameda County Study, obesity in

adolescence was associated with subsequent depression in adulthood (86, 87).

In addition, several studies suggest that there may be no association

between body size and depression after adjusting for relevant factors. One

prospective study focusing on the effects of being fat on depressive symptoms

and considering fitness showed that there were no significant associations

between being fat and depressive symptoms in adults when controlling for

fitness measured with a treadmill test (76). One study conducted among
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adolescents in Hong Kong observed that adiposity throughout life was not

significantly associated with depressive symptom development during

adolescence (77). Similarly, results of one prospective study suggested that

BMI does not significantly affect the development of depression in the

offspring of people who have recurrent depression (78).

Furthermore, this study proposes that people who gain excess weight

are associated with later depression. Women who had lost weight presented a

greater likelihood of depression. This result is consistent with the results of an

Australian Longitudinal Study on Women survey, which reported that both

weight loss (>5%) and weight gain (>10%) increased the risk of depression

(83). These findings contrast with the results from another Australian study,

which observed an improvement in depression in people who lost weight (95).

However, this study was conducted with severely obese subjects, whereas our

study comprises the entire BMI spectrum. One study conducted in Finland

reported that people who gained weight between the ages of 14 and 31 showed

no significant increase in depression, whereas people who were always

overweight did have an increased OR for depression measured with certain

cutoff points from the Hopkins Symptom Checklist (HSCL) (86). This study

did not classify people who were underweight and remained underweight

separately, and our study identified other results, such as that people who were
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underweight and remained underweight had an increased likelihood of

depression. One study conducted in a Health and Retirement Study used a

cross-lagged model to evaluate the effect of weight change on depressive

symptoms 2 years later. The results suggested that weight gain was not

associated with increased depressive symptoms, nor was weight loss in a fully

adjusted model (96). These inconsistencies are most likely due to the different

study populations, including varying age groups and methodologies (92).
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5.2 Validation of exposure and outcome

5.2.1 Validity of the exposure

5.2.1.1 Comparison of HEXA data

In this study, we used recalled body weight at various time points.

Because the validity of recalled weight has been questioned, we initially

calculated the correlation between measured weight at baseline and recalled

weights. Compared to weight measured at baseline, the magnitude of the

correlation increased as the recall period shortened. The correlation coefficient

was 0.66 in recalled weight at age 18-20, and the correlation coefficient

increased to 0.90 in recalled weight at age 50 (Appendix 3).

To assess the validity, we compared the measured weight data from

the Korean National Health and Nutritional Examination Survey (KNHANES)

in 1998, the nationally representative dataset, with HEXA data from people

who were aged 18-20, 35 and 50 between 1995 and 1999 (Appendices 4 and

5). In men aged 35, there was a lower proportion of underweight in the HEXA

than in the KNHANES. However, the proportion of other categories was

similar in the two studies. In men aged 50, there was an even higher proportion

of overweight in the HEXA compared to the KNHANES; other proportions
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by BMI category were similar. More women at age 35 reported their BMI as

“underweight” or “normal range”. The overall distribution also tended toward

the underweight categories in the HEXA compared to measured weight in the

KNHANES. In women aged 50, the proportions for the two extreme values,

“underweight” and “obese II”, were less than the measured data. We conclude

that in men, the association between underweight and depression at every time

point may have been underestimated, and the association between

underweight and depression in women at age 35 may have been overestimated.

5.2.1.2 The validity of self-reported weight in other studies

Several other studies have explored the validity of self-reported

weight. One cross-sectional study conducted in Korea in 2011 comprised 557

men and 1,010 women aged 30 to 70, an age range quite similar to the HEXA.

According to this study, the mean of self-reported weight was higher than the

actually measured value in women; however, there was no difference between

measured and recalled values in men. This study suggested a high correlation

between self-reported weight and measured weight, and self-reported weight

showed high sensitivity and specificity. This study concluded that self-

reported weight is a valid tool in epidemiological studies (306).
253

253



One retrospective study was conducted on 2,453 Japanese men aged

34 to 61 years. This study compared recalled weight over approximately 25

years with weight measured during those 25 years from health records. The

results indicated a high correlation (r=0.849) between recalled weight and

measured weight, and the correlation coefficient increased as age decreased.

Similar to Korean results (306), recalled weight overestimated the measured

weight. If the time period between recall and measurement was long, there

was a greater overestimation of weight. If the current BMI was higher, people

recalled their past weight in a lower range. However, the authors concluded

that the recalled body weight was quite accurate even when a long time had

passed (307).

Another study was conducted only in women. In 1995, Troy et al.

compared the recalled weight at age 18 with physical examination records in

118 women who participated in the Nurses’Health Study II. The women were

aged 25 to 42 in 1989. The overall correlation between measured and recalled

weight was high (r=0.87). In this study, the mean recalled weight was lower

than the actual weight on the medical records. However, this study also

identified a high validity of recalled weight at age 18 among women (308).

A study conducted in the U.S., the NHANES, also assessed the
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validity of self-reported weight in 1,931 adults aged 25-65. The study

observed that recalled weight correlates strongly with previous actual weight;

however, accuracy was influenced by factors such as current BMI, gender and

amount of weight gain (309). In the U.K., a study compared recalled and actual

BMI in 225 middle-aged men. The error between the two values was within 1

kg/m2, and the correlation was high.

To assess the reproducibility of recalled body weight, 120 middle-

aged men were recruited in the European Prospective Investigation into

Cancer and Nutrition (EPIC) study and recalled their weight at ages 25 and 40.

The men participated in repeated interviews, and the results indicated that

recall error was not affected by factors such as age, gender, education or

current BMI. In addition, the results showed a high reproducibility of recalled

weight for ages 25 and 40 in the 2 interviews (310).

In summary, because self-reported recalled weight appears to have a

high validity, the interpretation of our results should be conducted with caution

because men tend to report their weight as higher than the actual value and the

opposite occurs in women. Our results, which indicate an increased OR for

depression in underweight men and women, may underestimate the true

association in men and overestimate the association in women.
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5.2.2 Validity of the outcome

5.2.2.1 Comparison of prevalence with other studies

To assess the validity of the depression assessment, the prevalence of

depression in other studies was compared to the prevalence of depression in

the HEXA. As shown in Appendix 6, the lifetime prevalence of depression

ranges from 1.1 to 17.1% measured with diagnostic tools. In Korea, the

prevalence of depression ranges from 1.3 to 5.6% measured by diagnostic

tools, and the prevalence in the HEXA measured by self-reported depression

was 2.2% (Appendix 7). Depression measured by the CES-D in Korea ranged

from 15.9 to 38.3% in other studies conducted in Korea, whereas the

depression prevalence measured by the CES-D in the HEXAwas 7.5%.

5.2.2.2 The validity of self-reported, doctor-diagnosed depression in other

studies

Several studies suggest that the validity of doctor-diagnosed

depression is inadequate. One study conducted in France used self-reported,

doctor-diagnosed depression, and the authors suggested the possibility of

underreporting. However, the authors also mentioned that this self-reporting
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method showed a high correlation with other valid depression measurements

such as the Nottingham Health Profile score of emotional reactions (311). In

addition, Kessler mentioned the various traits of self-reported, doctor-

diagnosed depression and concluded that self-reporting is a valid tool to apply

in epidemiological studies (312). This approach has been applied in various

studies, including the Study of Women’s Health across the Nation (SWAN)

(313) and the National Health Interview Survey (NHIS) (314).

However, only one study examined the actual population (315). This

validation study was conducted on the participants of the Seguimiento

Universidad de Navarra (SUN) Project in Spain. Self-reported depression was

measured by the question, “Have you ever been diagnosed with depression by

a doctor?” The answer was compared with the Structured Clinical Interview

for DSM-IV (SCID-I), which is considered the gold standard for measuring

depression. In particular, data regarding self-reported depression were

collected from the baseline survey and 2 subsequent surveys. The lifetime self-

reported prevalence of depression was 26.1%. The authors selected 256 cases

of self-reported depression and also recruited 181 participants without

disclosing depression as a control. All of the selected participants had a semi-

structured interview with a psychiatrist using the SCID-I. The psychiatrist in

the study was blinded to the presence of self-reported depression.
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Approximately 72% of people who had self-reported depression were

confirmed as having actual depression, and approximately 81% of people who

did not report depression were verified as being free from depression. Using

the SCID-I as the gold standard, the sensitivity and specificity of self-reported,

doctor-diagnosed depression were 37 and 96%, respectively. The authors

concluded that self-reported, doctor-diagnosed depression is a valid tool in

epidemiological studies.

5.2.2.3 Cross-analysis of self-reported depression and depression measured

with the CES-D in the HEXA study

In 2009, depression was measured using 2 different methods: 1) self-

reported, doctor-diagnosed depression, and 2) the CES-D. Because we

excluded 2,446 aberrant values such as identical responses for 20 items on the

CES-D and an identical response pattern in the normal direction and the

reverse direction on the questionnaire, a total of 21,705 people were included

in the analysis. Among them, the percentage of people who responded to ever

having been diagnosed with depression was 1.8%, and the percentage of

participants with current depressive symptoms was 1.4%. When depression

was defined with the CES-D with a cutoff of 16, the proportion was 7.5%. The
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prevalence of depression evaluated with these measures was low compared to

other studies.

As in Appendix 10, the sensitivity of a self-reported doctor’s

diagnosis of depression compared to the CES-D with a cutoff of 16 was 0.39,

and the specificity was 0.93, which was similar to the results of previous

validation studies (315).

5.2.2.4 The prevalence of self-reported depression by year, age and centers in

the HEXA

To assess the validity of self-reported, doctor-diagnosed depression in

the HEXA, we calculated the yearly prevalence of self-reported depression.

As observed in Appendix 11, the results indicate a relatively higher prevalence

of depression in earlier years and a less than 2 percent prevalence between

2007 and 2009. Regarding the prevalence of self-reported depression by age,

we observed the increasing prevalence of depression as age increased, which

is consistent with previous findings (Appendix 12). The prevalence of

depression defined with the CES-D remained consistent among all age groups

(Appendix 13).
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Because the HEXA was conducted at 39 centers nationwide, we

calculated the prevalence of self-reported depression by center. The

prevalence varied by center, which cannot be explained by geographical

regional differences. The prevalence of self-reported, doctor-diagnosed

depression varied from approximately 0.4 to 5.8% (Appendix 14). We selected

centers with a prevalence greater than 3% and grouped some centers as “high

prevalence centers” and others as “low prevalence centers”. The proportion of

each recalled BMI category at ages 18-20, 35 and 50, two years before the

baseline survey and the current BMI was compared in people who reported

having been diagnosed with depression in high- and low-prevalence centers.

Comparing the high- and low-prevalence centers, only the recalled BMI at age

18-20 was significantly different. In men, there was a larger proportion of

underweight in groups with a lower prevalence of depression. By contrast, a

greater number of women reported being underweight in groups with a higher

prevalence of depression (Appendices 15 and 16). Consistent with previous

studies (316, 317), it is possible that depressed men tend to overestimate their

weight at age 18-20, whereas depressed women tend to underestimate their

weight at age 18-20.
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5.2.3. Interpretation of the results considering the validity of exposure and

outcome

Many other studies have mentioned the response bias and

misclassification when applying self-reported, doctor-diagnosed depression in

the study. A study in the U.S. suggested that using self-reported depression by

the participants did not appear to affect the true association (318). However,

other studies asserted that the association between self-reported depression

and recalled weight can indicate more conservative estimates regarding

underweight, particularly in men, because men tend to overestimate their past

weight (317, 319). In the obese population, studies have mentioned clinical

depression creating a non-differential bias accuracy of self-reported weight;

thus, the estimate of association is less likely to be affected (320).

Several possibilities may explain the low prevalences of self-reported,

doctor-diagnosed depression and depression defined by the CES-D. It is likely

that a sample population comprises more mentally healthy people than the

background population. Another possibility is that people who have actual

depression in the HEXAunderreported their disease. However, that possibility

is rather low because there was also a low proportion of depression defined by

the CES-D results. If depressed people underreported their disease, the same
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people were likely to underreport their depressed symptoms on the CES-D.

Generally, studies that used self-reported depression noted that the reported

prevalence of depression tended to be under-recognized.

Considering the prevalence of self-reported depression, there were

only significant differences in BMI distribution at age 18-20. Men showed a

lower rate of being underweight in centers with a higher prevalence of

depression, which is consistent with previous findings. It is likely that our

results for underweight are underestimated; true estimates might show an

increased association. Conversely, women showed a higher rate of being

underweight in groups with a higher prevalence of depression; women with

depression may tend to underestimate their weight at age 18-20. Consequently,

our HEXAresults for the underweight may have been overestimated. However,

because no differences at other time points were identified, the results of our

study may reflect the true association between BMI and depression.

Additionally, it should be emphasized that the results regarding self-reported,

doctor-diagnosed depression and the CES-D results were not inconsistent.
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5.3 Mechanisms for how body size affects depression

5.3.1 Obesity and depression

The mechanisms underlying the association between body size and

depression remain largely unknown. Potential risk factors for depression

related to obesity include demographic variables (i.e., gender, age, race,

education), environmental-social variables (i.e., interpersonal relationships,

reaction to weight by close family members or friends, pressure to be thin),

dietary behavior, weight trends and cognitive variables (i.e., body image

perception) (321).

Furthermore, some studies have focused on the possible relationships

between obesity and depression because of particular genetic profiles.

“Syndrome X” is a genetic clustering of insulin resistance, obesity and

hypertension (322); similar clusters for obesity and depression in the genes of

certain people may also exist. Kendler et al. asserted that common sets of

genes are shared by obesity and depression phenotypes (323). These shared

genes explain the genetic correlation between obesity and depression. Afari et

al. also provided results supporting the theory that shared genetic risk may

promote obesity and depression (318).
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Some studies have also evaluated specific polymorphisms

accountable for the correlation between obesity and depression. Comings et al.

evaluated distinct genotypes at ObD7S 1875, which appears to be associated

with the OB gene, the critical factor for weight regulation (324). In addition,

Klenke et al. examined the GNB3 C825T polymorphism, which is linked to

obesity and depression (325).

Among obese people, binge-eating disorder is one of the most

discriminative psychopathologies. Patients with binge-eating disorder report a

significantly greater prevalence of depression (326). Yanovski et al. reported

that approximately 51% of the people who had binge-eating disorder showed

consequent depressive disorders compared to the 14% of participants without

the disease. In the DSM-IV, increased appetite and weight gain are included

as possible diagnostic criteria (1). Therefore, some people gain much more

weight and become obese after they develop depression. Likewise, when

people are depressed, they tend not to be physically active, which then leads

to obesity (327).

Obese individuals have countless opportunities to receive negative

comments regarding their body size, such as being teased about their weight.

These situations are significantly associated with developing depression (328).
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Thompson et al. observed that a history of teasing can be the mediator between

obesity and levels of depression in adolescents in a 3-year prospective study

(329). The baseline obesity level induces teasing, and a subsequent increase in

dissatisfaction with one’s weight or appearance elicits increased depression.

In addition to socio-relative and behavioral factors, there are also

physiologic and metabolic elements that explain the association between

obesity and depression. Cortisol, the hormone regulated by the HPAaxis, plays

a key role (330). Stressors such as teasing or pressure from close family

members may cause the HPA axis to secrete excess cortisol, which is related

to emotional disturbance. In a study conducted in adult men, Rosmond et al.

observed a significant association between dexamethasone inhibition and

body size, which was observed in BMI, sagittal diameter and WHR. This

association appears only in “anxio-depressive” people, not in psychologically

healthy individuals (331). In addition, both depression and obesity are linked

to insulin resistance and glucose intolerance (332). When these conditions are

treated, insulin sensitivity improves (333). These facts suggest that variations

in glucose and insulin regulation may explain a portion of the association

between obesity and depression.

265

265



5.3.2 Underweight and depression

Although many mechanisms exist to explain the association between

obesity and depression, scant evidence supports the relationship between

being underweight and depression. However, some researchers have examined

the “jolly fat hypothesis”, which originally asserted that high body weight is

negatively associated with depressive symptoms in men (302). This

hypothesis is not consistent with evidence supporting a positive association

between obesity and depression. The “jolly fat hypothesis” suggests that

eating habits and being obese may lessen dysphoria, anxiety and depression in

older people. Conversely, a loss of appetite that leads to weight loss is also

associated with depressive disorders and is one of the criteria used to diagnose

MDD in the DSM-IV. It is also possible that overweight people consume

certain nutrients such as carbohydrates that, in turn, may prevent depressive

symptoms as a form of self-medication. These carbohydrate-rich foods

increase central serotonin activity, which helps to regulate individuals’moods

(303).

In addition to the physiological aspects, factors associated with

cultural and social dimensions mediate the relationship between body size and

depression. Yu et al. asserted that underweight people may have a negative
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body image and that their low self-esteem correlates with depressive

symptoms (88). In certain societies, men prefer having large and muscular

bodies. Being underweight may engender a negative body image and increase

the possibility of depression (86).

Finally, several studies focused on the role of leptin in the association

between body size and depressive disorder (334, 335). Leptin is a hormone

made from adipose cells that signals satiety to make people stop eating. Leptin

is decreased in people with a low BMI (336). Leptin is considered an effective

antidepressant, and there is a strong correlation between low leptin levels and

depressive symptoms (335).

Leptin is a hormone derived from adipose cells. Although a number

of metabolic factors have been discussed regarding leptin and depression,

certain controversies remain. The dysfunction of the HPAaxis in obese people

is considered to be the link between obesity and depression, and this

dysfunction is connected to dysregulation in the serotonergic system.
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5.4 Interpretation of the data in regard to causality

This study using the HEXA data was conducted in a cross-sectional

design, and we cannot directly support the causal effect seen in our results.

However, the results may be interpreted in relation to causality. Hill presented

a checklist of 9 causal criteria in his previous work (337), and we considered

each item in terms of the results of this study.

5.4.1 Temporality

To achieve adequate temporality, which is the most important

criterion of a causal relationship, it should be evident that the exposure occurs

prior to the outcome. In our data analysis, we excluded cases in which the

depression diagnosis preceded the age of weight recalled. Only depression

diagnosed after the age of weight recalled was considered an outcome. To

validate the weight change after age 18-20 as an exposure, we established

current depression as an outcome. In this meta-analysis, the pooled ORs for

cohort data remained temporal because all of the outcomes were determined

after the baseline measurement of exposure. Overall, the temporality remained

adequate in our analysis.
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5.4.2 Strength of association

The OR of underweight men compared to men with a normal BMI

was 3.08 (95% CI 1.22-7.79), and men with other recalled BMI values also

showed an approximate OR of 2.0 overall. Underweight women also showed

increased ORs of 1.3 on average. Obese men with a BMI of 25-29.9 kg/m2

showed a decreased OR of 0.61 (95% CI 0.41-0.91). In this meta-analysis, the

pooled OR was 1.16 (95% CI 1.08-1.24) in the “underweight” group and 1.13

(95% CI 0.96-1.34) in the obese group.

5.4.3 Consistency of association

For the consistency of the association, our result showing that being

underweight indicates an increased OR for depression is consistent with

several previous studies (86, 99, 151, 223, 225, 268). The results of the HEXA

study were also consistent with the results of the meta-analysis.

5.4.4 Specificity of association

The criteria of specificity are difficult to apply to the results of this

study. Being underweight is certainly associated with various conditions such

as being prone to infection, a compromised immune system, osteoporosis,
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anemia, pregnancy complications and menstrual irregularities. Likewise,

being overweight is associated with obstructive sleep apnea, diabetes,

hypertension, cancer, infertility and hyperlipidemia. When considering the

risk factors of depression, there are numerous known factors such as the

female gender, older age, recent stress, poor socio-economic status and genetic

factors.

5.4.5 Dose-response relationship

Because the results indicate a U-shaped relationship between BMI

and depression, it was difficult to observe a dose-response relationship in the

HEXA data. However, in the meta-analysis, there was a dose-response

relationship observed between people with a BMI of 30 kg/m2 or greater and

40 kg/m2 or greater. Because the participants with a BMI of 30 kg/m2 or greater

showed an OR of 1.18 (95% CI 1.11-1.26), people with a BMI of 40 kg/m2 or

greater showed an increased OR of 1.59 (95% CI 1.12-2.24).

5.4.6 Biological plausibility

As discussed previously, being overweight or obese can be associated

with depression because there are clusters for obesity and depression in the
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genes of certain people. It has been reported that there are common sets of

genes shared by obesity and depression (323) and that shared genetic risk may

provoke obesity and depression (318). In cases of being underweight,

insufficient secretion of leptin can cause depression because leptin is known

to function as an anti-depressant (338).

5.4.7 Coherence of the evidence

The results of this study are consistent with the previous suggestion

that there is a U-shaped relationship between BMI and depression. De Wit et

al. mentioned that being both underweight and obese is associated with

depression in their cross-sectional study (91). Additionally, the results of the

HEXA are consistent with the results of this meta-analysis.

5.4.8 Experimental evidence

Because it is difficult to require people to be intentionally

underweight or obese, it is difficult to identify an experiment conducted

regarding this issue. However, one study was performed in Minnesota in the

U.S. that evaluated the health effects of being underweight as a result of
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relatively short-term starvation (339). The experiment was performed between

1944 and 1945, and randomly selected people were required to undergo 24

weeks of starvation. In this group, being underweight indicated a higher

prevalence of the onset of depression.

5.4.9 Analogy

In this study, the relationship between BMI and depression indicated

a U-shaped association. BMI shows a similar U-shaped association with other

health conditions such as overall mortality (340), infection-related mortality,

cardiovascular-related mortality (341) and dysmenorrhea (342).

These facts illustrate the trait of causality in our study.
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5.5 Strengths and limitations

5.5.1 The systemic review and meta-analysis

5.5.1.1 Strengths

This study contains a large number of studies and sufficient data. To

our knowledge, this study is the first meta-analysis that observed a significant

relationship between underweight and depression. The results cover various

study designs such as RCT, cohort and cross-sectional designs. The results

showed statistical significance with low heterogeneity, particularly in studies

with a longitudinal design. The underweight population was also considered

in terms of depression, and data from other continents such as Asia were also

included in the analysis.

In this meta-analysis, the “underweight” group displayed a

significantly elevated risk of depression. In addition, we observed a difference

between men and women in the relationship between being overweight and

subsequent depression. Obesity increased the risk of depression significantly,

and as people’s BMI increased, the risk of depression also increased. The

findings of this study suggest that being underweight may also be a high risk

factor for subsequent depression. In clinical practice, medical care providers
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should consider the mental health of people who are underweight. Likewise,

overweight women and the obese population should also be monitored for the

development of depression.

5.5.1.2 Limitations

In interpreting the findings of this study, several limitations should be

considered. First, we only included published studies. Additionally, although

we contacted the authors to attempt to include missing data, the replies were

inadequate. It is possible that the unpublished studies or missing data may

cause publication bias; however, the results of Egger’s test suggest that the

majority of the results did not show such bias. Second, although we used fully

adjusted estimates for the meta-analysis, a chance remains for residual

confounders in each study. Therefore, the true magnitude of correlation

between body size, weight change and depression remains unknown. However,

although previous meta-analyses applied only age and gender as adjustment

factors (111), this study considered various other factors such as lifestyle

factors or other major illnesses. Third, the identification of depression was

based on individuals’ reports, which may reflect a reporting bias. Certainly,

people tend to underreport their mental illness in surveys, particularly
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retrospectively (343). Findings in cross-sectional designs may have been

further affected by this reporting bias. Finally, there were considerable

differences in research methods, sample sizes, included age groups and

genders, depression screening tools and reported effect sizes, particularly in

the cross-sectional studies.

5.5.2 The HEXA study

5.5.2.1 Strengths

Because this study comprised a large number of participants, it was

possible to evaluate the correlation between BMI at each time point in life and

later depression. In addition, because there was a relatively large underweight

population, it was possible to evaluate the association between being

underweight and later depression. Likewise, this study applied two methods

to define depression: 1) a past diagnosis of depression by physicians, and 2)

the CES-D with different cutoff points. In physician-diagnosed depression, the

measure reflects the International Classification of Diseases and Related

Health Problems (ICD) or the Diagnostic and Statistical Manual of Mental
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Disorders (DSM) as the gold standard. The use of psychometrics such as the

CES-D can provide quite reliable measures, whereas a diagnosis of depression

can be different from psychiatrist to psychiatrist. The results may differ

according to the various manners in which depression is defined, although

there were relatively stable results from the two definitions. In addition, much

information was collected using standardized questionnaires by trained

interviewers, which enabled the consideration of certain covariates such as

social economic status, health-related behaviors such as alcohol consumption

and cigarette smoking and a number of comorbidities.

5.5.2.2 Limitations

However, there are certain limitations to this study. First, there was a

lower prevalence of reported depression than in previous studies in Korea. The

prevalence of depression varied in the 39 participating centers, and it is

possible that the measurement of depression was not uniform. Additionally,

when asked about depression, participants may have underreported their

disease status because it is socially unacceptable to confess to having mental

diseases, particularly in Asian countries. There is also the possibility that a

person may not have known of his/her actual depression because the person
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had never been to a psychiatrist. In addition to a reporting bias, it is quite likely

that there were more mentally ill participants than reported compared to the

background population.

No items were included in the HEXA regarding psychiatric drug use

or a family history of depression. These factors can be important covariates in

associations among body size, weight change and depression; however, we

could not apply these factors as covariates in the full model. In addition, we

considered only two methods (average weight change from age 18-20 to the

present and weight change from lowest weight to highest weight considering

a time sequence) to assess weight change; there may be more adequate

manners in which to measure weight change.

In addition, because people recalled their weight at ages 18-20, 35 and

50, it is possible that people tended to report their weight as less than it was or

close to a more normal range. If people generally reported their weight as

lower than their weight truly was, our results for underweight people may have

been overestimated. However, one study conducted on Japanese adult men

reported that recalled weight had a strong correlation with measured weight

(r=0.849), which indicates that there is good accuracy between recalled body

weight after a long period and actual weight (307).
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Furthermore, the prevalence of depression was relatively lower in this

study than in previous reports. People with actual diagnoses may not have

reported their depression. The accuracy of self-report of body weight at age

25 is not significantly different in the obese population with or without

depression (320). It is possible that people tend to be more inaccurate in

recalling their earlier weight than recalling a more recent weight. However, in

our data, the participants were required to recall their weight at age 18-20,

which was similar to the age range in previous studies. Therefore, the

association between obesity and depression may have been underestimated in

this study. Conversely, there is no evidence of underreporting weight in the

underweight depressed population. If there is no difference between the

reported and actual weights in the underweight population, the association

between underweight and depression was underestimated. Likewise, if the

depressed underweight population tends to report their weight as close to the

normal range, this association may also be underestimated. However, if

depressed underweight people tend to report their weight as less than the actual

value, the calculated association in this study may have been both

overestimated and underestimated.
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5.6. Conclusion

In this meta-analysis, the “underweight group” presented a

significantly elevated risk of depression. In addition, we identified the

difference between men and women in the relationship between being

overweight and subsequent depression. Obesity significantly increased the

risk of depression, and as people’s BMI increased, the risk of depression also

grew. The findings of this study suggest that underweight may also be a high

risk factor for subsequent depression. In clinical practice, medical care

providers should consider the mental health of the underweight. Overweight

women and the obese population should also be monitored for subsequent

depression.

In our study of HEXAdata, underweight people were associated with

an increased likelihood of later depression. Additionally, people who gained

large amounts of weight had increased ORs for depression, and women who

lose weight also had an increased OR for depression. In people who were

underweight in early adulthood (age 18-20) and whose weight remained

relatively stable, the likelihood of depression increased. Based on these results,

we suggest that more attention be paid to underweight people and their risk of

depression. Moreover, additional studies should examine the influence of
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weight change on later depression in other populations.
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Appendix 3. Correlation between measured weight and recalled
weight in Health Examinees Study

Measured
Weight at

survey

Recalled
weight at
age 18-20

Recalled
weight at
age 35

Recalled
weight at
age 50

Measured Weight at survey 1 0.66 0.82 0.9
Recalled weight at age 18-20 1 0.79 0.69
Recalled weight at age 35 1 0.84
Recalled weight at age 50 1
All p-values for correlation are <0.001

Appendix 4. Distribution of BMI by sex and age in KNHANES
1998

Age BMI (%)
(Years) <18.5 18.5-22.9 23.0-24.9 25.0-29.9 30

Men
20-29 5.8 54 20.3 17.0 2.9
30-39 2.5 42.3 26.4 27.0 1.8
50-59 3.3 43.7 27.0 24.9 1.2

Women
20-29 12.1 61.4 12.2 12.4 1.9
30-39 4.3 52.9 21.6 18.5 2.7
50-59 1.6 31.5 24.8 38.1 3.9
Modified from Kim, et al. Obesity research. 2004.

337

337



Appendix 5. Distribution of recalled body mass index in Health Examinees
Study

BMI (%)
Year Age <18.5 18.5-22.9 23.0-24.9 25.0-29.9

Men
1990-1994 18-20 7.5 67.3 18.5 6.3 0.5
1995-1999 35 1.1 42.1 30.8 24.3 1.7
1995-1999 50 0.9 34 31.8 31.7 1.6

Women
1990-1994 18-20 24.8 65 7.4 2.5 0.3
1995-1999 35 6.8 65.8 17.2 9.4 0.8
1995-1999 50 1 40.1 29.6 27.2 2.2
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Appendix 10. Comparison between self-reported lifetime
depression and CES-D results

Current depression 1
Total

No Yes
No 19,881 (92.9%) 189 (61.4%) 20,070
Yes 1,515 (7.1%) 119 (38.6%) 1,634
Total 21,396 308 21,704
CES 21 No Yes Total
No 20,549 (96.0%) 231 (75.0%) 20,780
Yes 847 (4.0%) 77 (25.0%) 924
Total 21,396 308 21,704

No Yes Total

No 20,851 (97.5%) 250 (81.2%) 21,101

Yes 545 (2.6%) 58 (18.8%) 603

Total 21,396 308 21,704

Appendix 9. Prevalence of depression in HEXA 2009
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Appendix 12. Prevalence of self-reported doctor diagnosed depression by
age in HEXA

Total

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 4730 57345 62787 36640 2998 164500

Yex (No.) 48 941 1570 994 70 3623

% of depression 1.00 1.61 2.44 2.64 2.28

Men

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 1873 18440 20389 15193 1468 57363

Yex (No.) 4 97 181 175 19 476

% of depression 0.21 0.52 0.88 1.14 1.28 0.82

Women

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 2857 38905 42398 21447 1530 107137

Yex (No.) 44 844 1389 819 51 3147

% of depression 1.52 2.12 3.17 3.68 3.23 2.85
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Appendix 13. Prevalence of depression defined with CES-D (cutoff 16) by
age in HEXA

Total

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 442 7166 7681 4552 230 20071

Yex (No.) 37 540 653 385 19 1634

% of depression 7.72 7.01 7.84 7.80 7.63 7.53

Men

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 182 2718 2571 2046 123 7640

Yex (No.) 10 164 139 87 3 403

% of depression 5.21 5.69 5.13 4.08 2.38 5.01

Women

Age
Total

35-39 40-49 50-59 60-69 70-74

No (No.) 260 4448 5110 2506 107 12431

Yex (No.) 27 376 514 298 16 1231

% of depression 9.41 7.79 9.14 10.63 13.01 9.01

349

349



350



351



352



353



354



355



356



357

357



358

358



359

359



360

360



361

361





ACKNOWLEDGEMENTS

This thesis has been completed by generous endurance of the family,

sincere instruction of the instructors, incessant support of the colleagues, and

efforts of the author not in vain.

“Everyone who makes a practice of doing evil, addicted to denial and

illusion, hates God-light and won’t come near it, fearing a painful exposure.

But anyone working and living in truth and reality welcomes God-light so the

work can be seen for the God-work it is.”

(John 3:20-21, The Message)

362

363




	1. INTRODUCTION 
	1.1 Epidemiology of the depression 
	1.2 Pathophysiology 
	1.3 Known risk factors for depression 
	1.3.1 Gender 
	1.3.2 Age 
	1.3.3 Race and ethnicity 
	1.3.4 Socioeconomic and employment status 
	1.3.5 Marital status 
	1.3.6 Urban-rural residence 
	1.3.7 Family history and genetics 

	1.4 Defining depression 
	1.5 Distribution of certain levels of body size 
	1.6 The relationship between body size and depression: Epidemiological studies 
	1.6.1 No relationship between body size and depression 
	1.6.2 The increased likelihood of depression in the obese population 
	1.6.3 Other associations between depression and body weight 
	1.6.4 Weight change and depression 
	1.6.5 A systematic review and meta-analysis 


	2. HYPOTHESES AND OBJECTIVES 
	2.1 Hypotheses 
	2.2 Objectives 

	3. MATERIALS AND METHODS 
	3.1 Systematic review and meta-analysis 
	3.1.1 Literature search 
	3.1.2 Inclusion and exclusion criteria 
	3.1.3 Statistical Analysis 
	3.1.4 Quality assessment 

	3.2 The HEXA study 
	3.2.1 Study population 
	3.2.2 Baseline data collection and measurements 
	3.2.3 Statistical analysis 


	4. RESULTS 
	4.1 Systematic review and meta-analysis 
	4.1.1 Included and excluded studies 
	4.1.2 BMI affecting subsequent depression 
	4.1.2.1 RCT design 
	4.1.2.2 Cohort design 
	4.1.2.3 Cross-sectional design 

	4.1.3 Results of the quality assessment 

	4.2 The HEXA study 
	4.2.1 Distribution of baseline characteristics 
	4.2.2 Distribution of BMI and weight change by age group 
	4.2.3 The association between BMI at each time point and depression 
	4.2.4 Stratification by menopause status in women 
	4.2.5 Weight change and depression 
	4.2.6 The joint correlation between BMI at ages 18-20, weight change and depression 


	5. DISCUSSION 
	5.1 Interpretation of the results 
	5.1.1 The systematic review and meta-analysis 
	5.1.1.1 Summary of the results 
	5.1.1.2 Study designs in the meta-analysis 
	5.1.1.3 Being underweight and the risk/likelihood of depression 
	5.1.1.4 Obesity and the risk/likelihood of depression 
	5.1.1.5 Effect modifiers and subgroup analysis 
	5.1.1.6 Weight change and depression 

	5.1.2 From the HEXA study 
	5.1.2.1 Summary of the results 
	5.1.2.2 Interpretation of the results 


	5.2 Validation of exposure and outcome 
	5.2.1 Validity of the exposure 
	5.2.1.1 Comparison of HEXA data 
	5.2.1.2 The validity of self-reported weight in other studies 

	5.2.2 Validity of the outcome 
	5.2.2.1 Comparison of prevalence with other studies 
	5.2.2.2 The validity of self-reported, doctor-diagnosed depression in other studies 
	5.2.2.3 Cross-analysis of self-reported depression and depression measured with the CES-D in the HEXA study 
	5.2.2.4 The prevalence of self-reported depression by year, age and centers in the HEXA 

	5.2.3. Interpretation of the results considering the validity of exposure and outcome 

	5.3 Mechanisms for how body size affects depression 
	5.3.1 Obesity and depression 
	5.3.2 Underweight and depression 

	5.4 Interpretation of the data in regard to causality 
	5.4.1 Temporality 
	5.4.2 Strength of association 
	5.4.3 Consistency of association 
	5.4.4 Specificity of association 
	5.4.5 Dose-response relationship 
	5.4.6 Biological plausibility 
	5.4.7 Coherence of the evidence 
	5.4.8 Experimental evidence 
	5.4.9 Analogy 

	5.5 Strengths and limitations 
	5.5.1 The systemic review and meta-analysis 
	5.5.1.1 Strengths 
	5.5.1.2 Limitations 

	5.5.2 The HEXA study 
	5.5.2.1 Strengths 
	5.5.2.2 Limitations 


	5.6. Conclusion 

	6. REFERENCES 
	7. APPENDIX 
	국문 초록 


<startpage>36
1. INTRODUCTION  1
 1.1 Epidemiology of the depression  1
 1.2 Pathophysiology  3
 1.3 Known risk factors for depression  4
  1.3.1 Gender  4
  1.3.2 Age  7
  1.3.3 Race and ethnicity  8
  1.3.4 Socioeconomic and employment status  8
  1.3.5 Marital status  9
  1.3.6 Urban-rural residence  9
  1.3.7 Family history and genetics  10
 1.4 Defining depression  12
 1.5 Distribution of certain levels of body size  20
 1.6 The relationship between body size and depression: Epidemiological studies  24
  1.6.1 No relationship between body size and depression  24
  1.6.2 The increased likelihood of depression in the obese population  25
  1.6.3 Other associations between depression and body weight  25
  1.6.4 Weight change and depression  27
  1.6.5 A systematic review and meta-analysis  28
2. HYPOTHESES AND OBJECTIVES  34
 2.1 Hypotheses  34
 2.2 Objectives  34
3. MATERIALS AND METHODS  38
 3.1 Systematic review and meta-analysis  38
  3.1.1 Literature search  38
  3.1.2 Inclusion and exclusion criteria  41
  3.1.3 Statistical Analysis  42
  3.1.4 Quality assessment  43
 3.2 The HEXA study  46
  3.2.1 Study population  46
  3.2.2 Baseline data collection and measurements  50
  3.2.3 Statistical analysis  57
4. RESULTS  62
 4.1 Systematic review and meta-analysis  62
  4.1.1 Included and excluded studies  62
  4.1.2 BMI affecting subsequent depression  113
   4.1.2.1 RCT design  113
   4.1.2.2 Cohort design  115
   4.1.2.3 Cross-sectional design  138
  4.1.3 Results of the quality assessment  162
 4.2 The HEXA study  172
  4.2.1 Distribution of baseline characteristics  172
  4.2.2 Distribution of BMI and weight change by age group  188
  4.2.3 The association between BMI at each time point and depression  195
  4.2.4 Stratification by menopause status in women  210
  4.2.5 Weight change and depression  219
  4.2.6 The joint correlation between BMI at ages 18-20, weight change and depression  238
5. DISCUSSION  241
 5.1 Interpretation of the results  241
  5.1.1 The systematic review and meta-analysis  241
   5.1.1.1 Summary of the results  241
   5.1.1.2 Study designs in the meta-analysis  242
   5.1.1.3 Being underweight and the risk/likelihood of depression  242
   5.1.1.4 Obesity and the risk/likelihood of depression  243
   5.1.1.5 Effect modifiers and subgroup analysis  243
   5.1.1.6 Weight change and depression  246
  5.1.2 From the HEXA study  247
   5.1.2.1 Summary of the results  247
   5.1.2.2 Interpretation of the results  248
 5.2 Validation of exposure and outcome  252
  5.2.1 Validity of the exposure  252
   5.2.1.1 Comparison of HEXA data  252
   5.2.1.2 The validity of self-reported weight in other studies  253
  5.2.2 Validity of the outcome  256
   5.2.2.1 Comparison of prevalence with other studies  256
   5.2.2.2 The validity of self-reported, doctor-diagnosed depression in other studies  256
   5.2.2.3 Cross-analysis of self-reported depression and depression measured with the CES-D in the HEXA study  258
   5.2.2.4 The prevalence of self-reported depression by year, age and centers in the HEXA  259
  5.2.3. Interpretation of the results considering the validity of exposure and outcome  261
 5.3 Mechanisms for how body size affects depression  263
  5.3.1 Obesity and depression  263
  5.3.2 Underweight and depression  266
 5.4 Interpretation of the data in regard to causality  268
  5.4.1 Temporality  268
  5.4.2 Strength of association  269
  5.4.3 Consistency of association  269
  5.4.4 Specificity of association  269
  5.4.5 Dose-response relationship  270
  5.4.6 Biological plausibility  270
  5.4.7 Coherence of the evidence  271
  5.4.8 Experimental evidence  271
  5.4.9 Analogy  272
 5.5 Strengths and limitations  273
  5.5.1 The systemic review and meta-analysis  273
   5.5.1.1 Strengths  273
   5.5.1.2 Limitations  274
  5.5.2 The HEXA study  275
   5.5.2.1 Strengths  275
   5.5.2.2 Limitations  276
 5.6. Conclusion  279
6. REFERENCES  281
7. APPENDIX  335
±¹¹® ÃÊ·Ï  357
</body>

