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Abstract
Objective: The present study aimed to examine the combined effects of disease
management and food insecurity on physical and mental health in a representative
Korean population.
Design: A cross-sectional study.
Setting: Data from the Korea National Health and Nutrition Examination Survey
(KNHANES) 2012–2015.
Participants: Adults aged ≥30 years (n 17 934) who participated in the KNHANES.
Results: Among health-care factors, unmet health-care needs and mental health
counselling were different by food insecurity status, with a higher prevalence in
adults with food insecurity. The prevalence of underweight was higher inmenwith
food insecurity (5·9 %), whereas the prevalence of obesity was higher in women
with food insecurity (37·4 %), than that in men and women with food security. Food
insecuritywas associatedwith a high risk of all mental health outcomes. For the com-
bined effects of disease management and food insecurity, unmet health-care needs
was related to increased risk of obesity for food-insecure men (Pinteraction= 0·029)
and lack of participation in nutrition education or counselling was related to
increased risk of obesity for food-insecure women (Pinteraction= 0·010). In addition,
higher unmet health-care needs in adults with food insecurity was related to higher
risk of mental health outcomes.
Conclusions: Unmet health-care needs may exacerbate obesity for food-insecure
men and mental health problems for both food-insecure men and women. In addi-
tion, lack of participation in nutrition education or counselling may exacerbate the
obesity for food-insecure women.
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Food security is defined as the access to enough food by
all people, at all times, for an active and healthy life; food
insecurity occurs when individuals or households cannot
meet adequate and safe food and nutritional needs in
socially acceptable ways(1). Although food insecurity is
associated with reduced nutrient and energy intakes, it
has also been associated with chronic diseases such as
obesity, hypertension, diabetes and hyperlipidaemia(2,3).
In addition, food insecurity is known to contribute to
psychological health, including depression symptoms
and even suicide ideation, through environmental adver-
sity, disadvantage and stressful events in individuals with
low socio-economic status(4–7). A previous cross-sectional

study reported that food insecurity was more prevalent in
adults with mood disorders and associated with worsen-
ing of their mania symptoms(8).

Adults with food insecurity are known to be at risk of
physical inactivity, cigarette smoking, drinking, skipping
breakfast and inadequate micronutrient intakes(2,9,10),
which are potentially detrimental to their health conditions.
Recent studies reported that individuals with food insecu-
rity are more likely to be non-compliant to medications and
have limitations in achieving a healthy lifestyle due to finan-
cial burden(11–14). Particularly, the results showed that
women were more likely to report cost-related medication
underuse than men(11,13). The vulnerability of food insecu-
rity could lead individuals to pay little attention to disease
management, such as taking medications in a timely
manner and receiving education or counselling related to
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diseases(12,14–16). The poor management of conditions
among adults with food insecurity with one or more
chronic illnesses would exacerbate their illnesses. Given
the importance of health management on food insecurity
and health outcomes, studies on their relationship in a
nationally representative sample are limited.

Despite increased national food availability and pur-
chasing power caused by rapid economic growth, food
insecurity in South Korea is still high among lower socio-
economic households, accounting for 54 % in the lowest
household income group(17). Recently, differences in the
quantity and quality of dietary intake based on socio-
economic status have widened over time, leading to nutri-
tion and health inequalities(18–21). The Korean government
has planned to increase the proportion of households with
food security as one of the objectives of the Health Plan
2020, and monitored its status and developed intervention
programmes(22). Therefore, the objectives of the present
study were to examine the combined effects of food inse-
curity and disease management on physical and mental
health to explore whether lack of disease management
may exacerbate the physical or mental health of adults with
food insecurity, and to investigatewhether there is a gender
difference in these effects, among the representative
Korean population using data from the Korea National
Health and Nutrition Examination Survey (KNHANES).

Methods

Data
The present study was based on data from the consecutive
KNHANES conducted from 2012 to 2015 by the Korea
Centers for Disease Control and Prevention. These data
were obtained from the KNHANES website (https://
knhanes.cdc.go.kr/knhanes/sub03/sub03_02_02.do). The
KNHANES is a nationwide cross-sectional survey initiated
in 1998 to examine the health and nutritional status of the
non-institutionalized Korean population. Using a stratified
and multistage clustered probability sampling method,
31 006 representative Koreans aged ≥1 year have partici-
pated in the KNHANES from 2012 to 2015. Among 18 170
adults aged ≥30 years who participated in all health inter-
views, examinations and nutrition surveys, 17 934 adults
(7247 men and 10 687 women) who completed the food
insecurity questionnaire were included in the present analy-
sis. Health interviews and examinations were conducted by
trained medical staff and interviewers in mobile examination
centres. The health interview provided detailed information
on socio-economic characteristics (e.g. sex, age, education,
marital status, household income, area of residence, recipi-
ents of basic livelihood security), health-related behaviours
(e.g. smoking, drinking, activity), disease management
(e.g. taking medications, trying to control weight, health
examination, mental health counselling, nutrition education

or counselling, unmet health-care needs) and mental health
(e.g. perceived stress, depression experience, suicidal idea-
tion). Anthropometrical, biochemical and clinical profiles
were measured during the health examination survey.

Disease management-related factors
Questions, answerable by ‘yes’ or ‘no’, on the intake of
medications for hypertension, diabetes or hypercholester-
olaemia were asked to participants diagnosed previously
with these diseases. Respondents who answered ‘trying
to lose weight’, ‘trying to maintain weight’ or ‘trying to gain
weight’ to ‘Have you ever tried to control your weight dur-
ing the last year?’were classified into the category of ‘trying
to control weight’. Wemade the remaining response (‘never
tried’) a reference category to calculate the OR. Information
on health examination, mental health counselling, nutrition
education or counselling and unmet health-care needs was
obtained using a ‘yes’ or ‘no’ answer to ‘Have you received
medical examination for health in the past 2 years?’, ‘Have
you ever received counselling through visit, telephone,
Internet or other means due to psychological problem in
the last year?’, ‘Have you ever received nutrition education
or counselling in the last year?’ and ‘Have you ever been
unable to go to a hospital/clinic (excluding dental clinics)
in the past year even though you needed to do so?’.

Physical health outcomes
Height to the nearest 0·1 cm was measured using a portable
stadiometer.Weight to the nearest 0·1 kgwasmeasured using
a portable electronic scale. BMI was calculated as the ratio of
weight to height squared (kg/m2). Obesity and underweight
were defined as BMI≥25·0 kg/m2 and BMI< 18·5 kg/m2,
respectively, based on the redefined criteria of the WHO
for obesity in the Asia-Pacific region(23). Hypertension was
defined as mean systolic blood pressure and/or diastolic
blood pressure of ≥140/90mmHg or the current use of anti-
hypertensive agents based on the criteria in the seventh
report of the Joint National Committee(24). Based on the cri-
teria of theWHO(25), diabetes was defined as a fasting plasma
glucose of ≥126mg/dl, a previous diagnosis of diabetes by a
physician or the current use of antidiabetic agents or insulin.
Hypercholesterolaemia was defined as a plasma total choles-
terol of≥240mg/dl or the current use of cholesterol-lowering
agents based on the guidelines for cholesterol of the National
Cholesterol Education Program(26).

Mental health outcomes
Self-administered questionnaires were used to obtain infor-
mation on mental health. The questions for mental health
outcomes were developed based on the questionnaires of
the Canadian Community Health Survey (CCHS)(27,28). The
participants selected their stress status using a four-point
scale (‘extremely high’, ‘high’, ‘a little bit’, ‘almost not’) to
‘How much stress do you feel in your daily life?’. We
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classified the responses of ‘extremely high’ and ‘high’ into
the perceived stress group. If the participants answered
‘yes’ to ‘Have you experienced a continuous feeling of sad-
ness or despair for over 2 weeks that interfered with your
daily life in the last year?’ and ‘Have you ever seriously con-
sidered committing suicide in the last year?’, they were
classified into the depressed and suicidal ideation groups,
respectively. As depressive experience and suicidal idea-
tion were surveyed only in 2012, 2013 and 2015, and expe-
rience of mental health counselling was surveyed using the
same question only in 2012 and 2015, the analysis using
these variables included only data from the surveyed year.

Food insecurity
The Korean food insecurity questionnaire was developed
by the Korea Centers for Disease Control and Prevention
based on an eighteen-item US Household Food Security
Survey Module (US-HFSSM). The household food insecu-
rity questionnaire consisted of three questions on house-
hold food conditions and seven questions for adults. The
additional eight questions for children were administered
to households with children. Each question specified the
food condition due to lack of money to buy food 1 year
before the interview. A detailed description concerning
the development and validation of this index has been pub-
lished elsewhere(29,30). In brief, the Cronbach’s α coefficient
for internal consistency was 0·85, ranging from 0·83 to 0·86
after eliminating each item. To classify the household food
insecurity status, a score of 1 for affirmative responses indi-
cated food-insecure conditions (e.g. ‘often’ or ‘sometimes’,
‘almost everymonth’ or ‘somemonths but not everymonth’
and ‘yes’) or a score of 0 for all other responses was given to
each question, and the scores were summed. Based on the
criteria of the US-HFSSM(1), households were classified into
food-secure and food-insecure groups if the total score
was <2 and ≥3, respectively. The status of food insecurity
of all family members within the household was classified.

Statistical analyses
To consider the complex sampling design of the
KNHANES, all data on food insecurity from the 2012–
2015 KNHANES were pooled into one data set and new
sampling weights were calculated by dividing the sampling
weight assigned to the participant by the number of survey
years. The new sampling weight was applied to all analy-
ses. Data were presented as percentages with their stan-
dard errors. P values for percentage differences between
the food-secure and food-insecure groups were calculated
using the χ2 for univariate analysis. Age- or multivariate-
adjusted prevalence, OR and 95 % CI were calculated by
multivariate logistic regression analysis after adjusting for
confounding factors. Age- or multivariate-adjusted preva-
lence was calculated using the LSMEANS statement and
the OM option for specifying the weighting scheme in
the PROC SURVEYLOGISTIC statement. Confounding

factors were selected based on their association with food
insecurity or health outcomes in the present study or estab-
lished risk factors for health outcomes. Multivariate models
adjusted for age (continuous), household income (quar-
tiles), place of residence (rural or urban), smoking (never,
past or current smoker), alcohol drinking (none,<high-risk
drinker or high-risk drinker), regular walking (yes or no)
and BMI (<18·5, 18·5–24·9 or ≥25·0 kg/m2). The statistical
significance was defined as P< 0·05. The statistical soft-
ware package IBM SPSS Statistics version 23 was used to
analyse all data from a complex sample survey.

Results

General characteristics of men and women in the
study
The general characteristics of men and women are pre-
sented in Table 1. The prevalence of men and women with
food insecurity was 7·6 and 9·2 %, respectively. The pro-
portions of older adults aged ≥65 years and of individuals
with a lower education level were higher in men and
women with food insecurity than in those with food secu-
rity. Some 54·0 and 53·2 % of men and women with food
insecurity, respectively, were reported to have the lowest
household income. The proportion of divorced or wid-
owed men and women with food insecurity was higher
than in those without food insecurity. The proportions of
recipients of basic livelihood security and food assistance
were 6·0 and 2·2 % in men, respectively, and 8·2 and 3·1 %
in women, respectively, showing a higher proportion in
men and women with food insecurity.

Prevalence of disease management-related factors
according to food insecurity status
Table 2 shows the prevalence of taking medications, trying
to control weight, health examination, education or coun-
selling related to disease, and unmet health-care needs
according to food insecurity. The prevalence of taking
medications to treat hypertension, diabetes and hypercho-
lesterolaemia was not different in the food-insecure group
after adjusting for confounding factors. The prevalence of
trying to control weight in men with food insecurity
(68·8 %) was higher than that in men with food security
(63·4 %). Significant differences were found in mental
health counselling and unmet health-care needs in men
and women with food insecurity. Compared with adults
with food security (1·1 and 3·3 % in men and women with
food security, respectively), men (4·2 %) and women
(5·9 %) with food insecurity had a higher prevalence of
counselling. The prevalence of unmet health-care needs
was also higher in adults with food insecurity, accounting
for 13·1 and 31·4 % in men and women with food insecu-
rity, respectively.
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Association of physical and mental health with
food insecurity status
The association between food insecurity and physical and
mental health is shown in Table 3. For physical health, the
prevalence of obesity in women with food insecurity
(37·4 %) was higher than in women with food security
(30·7 %), but the prevalence of obesity was not different
by food insecurity in men. On the contrary, the prevalence
of underweight in men with food insecurity (5·9 %) was
higher than in men with food security (3·0 %). No differ-
ence was found in hypertension, diabetes and hypercho-
lesterolaemia prevalence in men and women with food
insecurity. The OR for physical health outcomes were
not significant in both men and women after adjusting
for multivariate factors.

The risk of poor mental health was associated with
food insecurity. The prevalence of adults with perceived

stress, depressive experience and suicidal ideation was sig-
nificantly higher in adults with food insecurity than in adults
with food security. After adjusting for confounding factors,
men and women with food insecurity showed significantly
higher OR for mental health outcomes (OR= 1·40, 95 % CI
1·06, 1·85 for perceived stress; OR = 1·79, 95 % CI 1·26,
2·56 for depressive experience; OR = 2·07, 95 % CI
1·38, 3·11 for suicidal ideation in men; and OR = 1·80,
95 % CI 1·51, 2·14 for perceived stress; OR = 1·74,
95 % CI 1·38, 2·23 for depressive experience; and
OR= 2·16, 95% CI 1·66, 2·80 for suicidal ideation in women)
compared with men and women with food security.

Combined effects of disease management and food
insecurity status on physical and mental health
The combined effect of disease management and food
insecurity status on physical and mental health was

Table 1 General characteristics of participants aged ≥30 years (n 17 934) by food insecurity status, Korea National Health and Nutrition
Examination Survey (KNHANES) 2012–2015

Characteristic

Men Women

Total
(n 7247)

Food
secure
(n 6699)

Food
insecure
(n 548)

P value*

Total
(n 10 687)

Food
secure
(n 9703)

Food
insecure
(n 984)

P value*% SE % SE % SE % SE % SE % SE

Age
30–44 years 38·9 0·9 39·6 0·9 29·5 2·5 <0·001 35·5 0·7 36·3 0·7 27·2 2·0 <0·001
45–54 years 26·4 0·7 26·1 0·7 30·8 2·5 24·8 0·5 24·7 0·6 26·3 1·8
55–64 years 17·4 0·5 17·4 0·5 17·8 1·8 18·4 0·5 18·6 0·5 16·6 1·3
≥65 years 17·3 0·5 16·9 0·5 21·9 1·7 21·3 0·5 20·4 0·5 29·9 1·7

Household income
Q1 (lowest) 25·0 0·7 22·7 0·7 54·0 2·6 <0·001 24·8 0·6 21·9 0·6 53·2 1·9 <0·001
Q2 25·4 0·7 25·3 0·7 25·8 2·2 25·0 0·5 24·5 0·6 30·1 1·7
Q3 24·9 0·6 25·7 0·7 13·8 2·0 24·8 0·5 26·1 0·6 12·2 1·2
Q4 (highest) 24·8 0·8 26·2 0·8 6·4 1·4 25·3 0·7 27·5 0·8 4·5 0·7

Education level
≤Elementary school 14·0 0·5 13·0 0·5 27·4 2·2 <0·001 26·5 0·6 24·8 0·6 43·8 2·0 <0·001
Middle school 10·3 0·4 9·9 0·4 15·8 2·1 11·2 0·4 11·1 0·4 12·4 1·3
High school 34·1 0·8 34·1 0·8 34·9 2·6 33·5 0·6 33·6 0·7 32·0 2·0
≥College 41·5 0·9 43·0 0·9 22·0 2·4 28·8 0·7 30·5 0·8 11·8 1·3

Marital status
Single 10·7 0·5 10·5 0·5 12·4 1·9 <0·001 4·4 0·3 4·5 0·3 3·5 0·8 <0·001
Married 83·1 0·6 84·3 0·6 68·3 2·4 76·0 0·6 78·1 0·6 55·0 2·0
Divorced or separated 4·4 0·3 3·7 0·3 14·2 1·9 5·6 0·3 4·5 0·3 16·3 1·3
Widowed 1·8 0·2 1·6 0·1 5·2 1·0 14·0 0·4 12·8 0·4 25·2 1·7

Area of residence
Urban 79·5 1·5 79·6 1·5 78·9 2·6 0·764 82·2 1·3 82·2 1·3 82·7 1·9 0·736
Rural 20·5 1·5 20·4 1·5 21·1 2·6 17·8 1·3 17·8 1·3 17·3 1·9

Basic livelihood security†
Recipients 6·0 0·4 4·7 0·4 22·2 2·3 <0·001 8·2 0·5 6·2 0·4 27·9 2·2 <0·001
No recipients 94·0 0·4 95·3 0·4 77·8 2·3 91·8 0·5 93·8 0·4 72·1 2·2

Food assistance‡
Recipients 2·2 0·2 1·6 0·2 10·2 1·5 <0·001 3·1 0·2 2·2 0·2 12·1 1·3 <0·001
No recipients 97·8 0·2 98·4 0·2 89·8 1·5 96·9 0·2 97·8 0·2 87·9 1·3

All percentages and SE were calculated by applying sampling weights.
*P values for percentage differences between the two groups were calculated using the χ2 test.
†Including livelihood, housing, education, medical benefits, etc. from the government.
‡Experience for the last 1 year of food assistance, including the NutriPlusþ Program (a supplemental nutrition care programme for women, infants and children in Korea,
adopting the US Special Supplemental Nutrition Program for Women, Infants, and Children (WIC)), senior meals programme in welfare centres or lunch-delivery
programme for low-income families or children during school vacation.
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examined (Table 4). Men with food insecurity who could
not use health-care services although needed were more
likely to be obese or underweight comparedwith menwith
food security who could use these services (OR= 2·03,
95 % CI 1·17, 3·51 for obesity; and OR = 3·34, 95 % CI
1·02, 10·9 for underweight). Specifically, unmet health-care
needs affected obesity differently in menwith food security
and insecurity (Pinteraction= 0·029). Men with food insecu-
rity who tried to gain weight had the highest prevalence
and risk of underweight as compared with other adults
who were food secure or did not try to gain weight
(OR= 3·48, 95 % CI 1·25, 9·70, Pinteraction= 0·038).
Women with food insecurity were more likely to be
obese when they did not receive nutrition education or
counselling compared with women with food security
who received nutrition education or counselling
(Pinteraction= 0·010). In terms of mental health outcomes,
adults with food insecurity who could not use health-care

services although needed had the highest prevalence of all
mental health problems than other adults who were food
secure or could use health-care services and their health
risk was about three times more than that in adults with
food security who could use these services. In contrast,
adults with food insecurity who received mental health
counselling had the highest prevalence and risk of mental
health problems than other adults whowere food secure or
did not receive mental health counselling (OR= 5·45, 95 %
CI 2·05, 14·5, Pinteraction= 0·028).

Discussion

The limited access to healthy foods and poor disease man-
agement are important in the risk of diseases. Adults with
food insecurity have been known to be more likely to have
barriers to diseasemanagement and a higher risk of chronic

Table 2 Prevalence of disease management-related factors by food insecurity status among participants aged ≥30 years (n 17 934), Korea
National Health and Nutrition Examination Survey (KNHANES) 2012–2015

Variable

Men Women

Food secure
(n 6699)

Food
insecure
(n 548)

P value*

Food secure
(n 9703)

Food
insecure
(n 984)

P value*% SE % SE % SE % SE

Taking medications to treat diseases
Hypertension
Age-adjusted prevalence 43·4 1·6 36·7 4·6 0·164 57·4 1·7 60·7 4·1 0·418
Multivariate-adjusted prevalence† 42·1 2·2 37·8 5·2 0·406 51·9 3·0 56·2 4·9 0·353

Diabetes
Age-adjusted prevalence 48·1 3·1 47·7 7·3 0·965 59·0 2·7 68·1 7·1 0·226
Multivariate-adjusted prevalence† 52·1 4·0 49·7 8·2 0·760 44·0 5·1 55·3 10·0 0·194

Hypercholesterolaemia
Age-adjusted prevalence 33·4 2·2 33·3 7·3 0·992 34·4 1·7 38·4 5·0 0·410
Multivariate-adjusted prevalence† 29·0 3·1 30·4 7·7 0·848 30·0 2·6 36·3 5·2 0·170

Trying to control weight
Age-adjusted prevalence 62·4 0·7 62·2 2·4 0·947 69·0 0·6 66·8 1·9 0·244
Multivariate-adjusted prevalence† 63·4 1·0 68·8 2·5 0·038 69·9 0·9 69·4 1·9 0·792

Trying to lose weight
Age-adjusted prevalence 34·5 0·7 30·3 2·5 0·120 45·6 0·6 40·5 2·1 0·022
Multivariate-adjusted prevalence† 34·8 1·0 34·4 2·9 0·891 46·5 1·0 42·8 2·2 0·111

Trying to gain weight
Age-adjusted prevalence 19·9 0·6 23·2 2·3 0·149 18·7 0·5 18·4 1·5 0·875
Multivariate-adjusted prevalence† 20·8 0·8 28·0 2·8 0·005 17·3 0·7 17·9 1·7 0·709

Medical examination
Age-adjusted prevalence 69·2 0·8 57·6 2·7 <0·001 64·0 0·7 56·7 1·9 <0·001
Multivariate-adjusted prevalence† 69·3 1·0 65·6 2·9 0·183 60·2 1·1 58·0 2·1 0·325

Mental health counselling‡
Age-adjusted prevalence 1·2 0·2 5·4 2·0 <0·001 3·1 0·3 7·2 1·4 <0·001
Multivariate-adjusted prevalence† 1·1 0·3 4·2 1·6 0·002 3·3 0·4 5·9 1·2 0·014

Nutrition education or counselling
Age-adjusted prevalence 3·3 0·3 2·5 0·7 0·337 4·9 0·3 4·5 0·8 0·674
Multivariate-adjusted prevalence† 3·7 0·4 3·4 1·0 0·831 4·4 0·4 3·7 0·8 0·465

Unmet health-care needs
Age-adjusted prevalence 9·0 0·4 16·1 2·0 <0·001 14·8 0·5 33·4 1·8 <0·001
Multivariate-adjusted prevalence† 8·2 0·6 13·1 1·9 0·002 15·5 0·7 31·4 2·0 <0·001

All percentages and SE were calculated by applying sampling weights.
*Age-adjusted prevalence and P values for percentage differences between the two groups were calculated using multivariate logistic regression analysis after adjusting for
confounding variables.
†Adjusted for age (continuous), household income (quartiles), place of residence (rural or urban), smoking (never, past or current smoker), alcohol drinking (none, <high-risk
drinker or high-risk drinker), regular walking (yes or no) and BMI (<18·5, 18·5–24·9 or ≥25·0 kg/m2). BMI was excluded in the model for trying to lose weight.
‡Mental health counselling was surveyed using the same question only in 2012 and 2015.
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Table 3 Association of physical and mental health with food insecurity status among participants aged ≥30 years (n 17 934), Korea National Health and Nutrition Examination Survey (KNHANES)
2012–2015

Variable

Men Women

Food secure
(n 6699)

Food insecure
(n 548)

P value*

Food secure
(n 9703)

Food insecure
(n 984)

P value*% or OR SE or 95% CI % or OR SE or 95% CI % or OR SE or 95% CI % or OR SE or 95% CI

Physical health
Obesity (≥25·0 kg/m2)†
Age-adjusted prevalence (%) 39·8 0·7 42·0 2·5 0·416 30·7 0·6 37·4 1·8 <0·001
Age-adjusted OR and 95% CI 1·00 Ref. 1·10 0·88, 1·36 1·00 Ref. 1·35 1·15, 1·58
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·22 0·96, 1·55 1·00 Ref. 1·13 0·94, 1·36

Underweight (<18·5 kg/m2)†
Age-adjusted prevalence (%) 3·0 0·4 5·9 1·3 0·006 5·1 0·3 6·0 1·2 0·373
Age-adjusted OR and 95% CI 1·00 Ref. 2·01 1·23, 3·29 1·00 Ref. 1·21 0·80, 1·83
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·50 0·83, 2·73 1·00 Ref. 1·15 0·73, 1·83

Hypertension§
Age-adjusted prevalence (%) 31·7 0·8 35·7 2·6 0·124 21·4 0·6 23·3 1·9 0·310
Age-adjusted OR and 95% CI 1·00 Ref. 1·20 0·95, 1·51 1·00 Ref. 1·11 0·91, 1·37
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·20 0·94, 1·55 1·00 Ref. 1·04 0·84, 1·29

Diabetes║
Age-adjusted prevalence (%) 10·7 0·5 13·0 2·0 0·215 7·3 0·4 7·5 1·0 0·825
Age-adjusted OR and 95% CI 1·00 Ref. 1·25 0·88, 1·77 1·00 Ref. 1·03 0·78, 1·36
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·15 0·81, 1·63 1·00 Ref. 0·91 0·68, 1·22

Hypercholesterolaemia¶
Age-adjusted prevalence (%) 14·9 0·5 11·8 1·6 0·098 17·2 0·5 16·7 1·4 0·757
Age-adjusted OR and 95% CI 1·00 Ref. 0·77 0·56, 1·05 1·00 Ref. 0·97 0·78, 1·20
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 0·79 0·57, 1·10 1·00 Ref. 0·94 0·75, 1·19

Mental health
Perceived stress
Age-adjusted prevalence (%) 22·5 0·7 31·8 2·8 <0·001 24·0 0·5 40·9 1·9 <0·001
Age-adjusted OR and 95% CI 1·00 Ref. 1·61 1·24, 2·10 1·00 Ref. 2·20 1·87, 2·58
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·40 1·06, 1·85 1·00 Ref. 1·80 1·51, 2·14

Depressive experience**
Age-adjusted prevalence (%) 7·2 0·5 16·4 2·1 <0·001 14·0 0·5 28·8 2·2 <0·001
Age-adjusted OR and 95% CI 1·00 Ref. 2·51 1·83, 3·45 1·00 Ref. 2·48 1·99, 3·11
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 1·79 1·26, 2·56 1·00 Ref. 1·74 1·38, 2·23

Suicidal ideation**
Age-adjusted prevalence (%) 5·2 0·4 14·8 2·2 <0·001 8·1 0·4 19·8 1·8 <0·001
Age-adjusted OR and 95% CI 1·00 Ref. 3·15 2·16, 4·59 1·00 Ref. 2·81 2·18, 3·64
Multivariate-adjusted‡ OR and 95% CI 1·00 Ref. 2·07 1·38, 3·11 1·00 Ref. 2·16 1·66, 2·80

Ref., reference category.
All percentages and SE, and OR and 95% CI, were calculated by applying sampling weights.
*Age-adjusted prevalence and P values for percentage differences between the two groups were calculated using multivariate logistic regression analysis after adjusting for age.
†The control group included individuals with a BMI of 18·5–24·9 kg/m2.
‡Multivariate OR and 95%CIwere calculated by logistic regression analysis after adjusting for age (continuous), household income (quartiles), place of residence (rural or urban), smoking (never, past or current smoker), alcohol drinking (none,
<high-risk drinker or high-risk drinker), regular walking (yes or no), met medical service needs (yes or no), nutrition education or counselling (yes or no) and BMI (<18·5, 18·5–24·9 or ≥25·0 kg/m2). Mental health counselling instead of nutrition
education or counselling was included in the model of mental health. BMI was excluded in the model for obesity and underweight.
§Hypertension: ≥140mmHg for systolic blood pressure, ≥90mmHg for diastolic blood pressure, or user of antihypertensive agent.
║Diabetes: ≥126mg/dl for blood glucose, a previous diagnosis of diabetes by a physician, or user of hypoglycaemic agent or insulin.
¶Hypercholesterolemia: ≥240mg/dl for blood total cholesterol or user of cholesterol-lowering agent.
**Depressive experience and suicidal ideation were surveyed only in 2012, 2013 and 2015.
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Table 4 Combined effects of disease management-related factors and food insecurity status on physical and mental health among participants aged ≥30 years (n 17 934), Korea National Health
and Nutrition Examination Survey (KNHANES) 2012–2015

Variable

Men Women

Food secure (n 6699) Food insecure (n 548) Food secure (n 9703) Food insecure (n 984)

%* SE OR† 95% CI % SE OR 95% CI % SE OR 95% CI % SE OR 95% CI

Physical health
Obesity (≥25·0 kg/m2)‡
Unmet health-care needs
No 40·0 0·8 1·00 Ref. 40·4 2·8 1·10 0·84, 1·43 29·9 0·7 1·00 Ref. 36·3 2·3 1·10 0·88, 1·37
Yes 38·3 2·5 0·91 0·73, 1·14 54·6 6·9 2·03 1·17, 3·51 31·4 1·6 1·05 0·89, 1·23 40·5 3·4 1·25 0·93, 1·69

Pinteraction= 0·029 Pinteraction= 0·684
Medical examination
Yes 39·5 0·9 1·00 Ref. 43·6 3·3 1·25 0·93, 1·67 29·0 0·7 1·00 Ref. 36·7 2·5 11·10 0·88, 1·37
No 40·6 1·5 1·03 0·89, 1·19 40·9 4·1 1·20 0·83, 1·74 32·0 1·1 1·10 0·98, 1·22 38·9 3·2 1·30 0·98, 1·74

Pinteraction= 0·780 Pinteraction= 0·671
Nutrition education or counselling
Yes 36·7 3·7 1·00 Ref. 52·9 13·5 2·41 0·70, 8·24 31·1 2·6 1·00 Ref. 26·0 7·8 0·32 0·12, 0·86
No 40·0 0·7 1·14 0·83, 1·58 40·1 2·5 1·36 0·92, 2·02 30·5 0·6 0·90 0·70, 1·16 39·8 1·9 1·08 0·79, 1·47

Pinteraction= 0·277 Pinteraction= 0·010
Trying to lose weight
Yes 64·7 1·2 1·00 Ref. 71·3· 4·6 1·34 0·82, 2·20 44·1 1·0 1·00 Ref. 60·4 3·1 1·39 1·06, 1·83
Never 28·8 1·2 0·20 0·17, 0·24 25·9 3·8 0·16 0·11, 0·26 20·0 1·0 0·29 0·25, 0·34 27·1 3·3 0·30 0·22, 0·42

Pinteraction= 0·140 Pinteraction= 0·153
Underweight (<18·5 kg/m2)‡
Unmet health-care needs
No 2·8 0·4 1·00 Ref. 3·7 1·6 1·25 0·64, 2·45 4·6 0·4 1·00 Ref. 5·1 1·3 1·13 0·63, 2·04
Yes 3·5 1·2 1·09 0·52, 2·29 12·6 7·3 3·34 1·02, 10·9 6·8 1·0 1·48 1·05, 2·09 7·8 2·1 1·75 0·92, 3·30

Pinteraction= 0·232 Pinteraction= 0·928
Medical examination
Yes 2·6 0·4 1·00 Ref. 4·7 2·2 1·55 0·75, 3·20 4·5 0·4 1·00 Ref. 6·3 1·6 1·60 0·88, 2·90
No 3·6 0·6 1·27 0·84, 1·93 5·0 2·6 1·93 0·75, 4·97 5·9 0·6 1·32 1·00, 1·73 5·5 1·7 1·19 0·61, 2·29

Pinteraction= 0·972 Pinteraction= 0·197
Nutrition education or counselling
Yes 1·2 0·8 1·00 Ref. – – no cases 4·9 1·3 1·00 Ref. 9·2 5·4 2·13 0·53, 8·55
No 3·1 0·4 2·15 0·61, 7·61 5·2 1·7 3·32 0·84, 13·2 5·1 0·4 0·94 0·53, 1·67 5·7 1·1 1·11 0·54, 2·29

– Pinteraction= 0·423
Trying to gain weight
Yes 11·5 1·8 1·00 Ref. 28·2 11·2 3·48 1·25, 9·70 38·3 3·7 1·00 Ref. 24·8 7·0 0·80 0·34, 1·87
Never 3·1 0·5 0·26 0·16, 0·40 2·1 1·0 0·22 0·09, 0·55 6·5 0·6 0·11 0·07, 0·17 5·6 1·5 0·10 0·05, 0·21

Pinteraction= 0·038 Pinteraction= 0·848
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Table 4 Continued

Variable

Men Women

Food secure (n 6699) Food insecure (n 548) Food secure (n 9703) Food insecure (n 984)

%* SE OR† 95% CI % SE OR 95% CI % SE OR 95% CI % SE OR 95% CI

Mental health
Perceived stress
Unmet health-care needs
No 21·1 0·7 1·00 Ref. 27·6 2·9 1·46 1·07, 2·00 21·5 0·6 1·00 Ref. 35·2 2·2 1·85 1·51, 2·28
Yes 37·6 2·5 2·20 1·74, 2·77 45·9 6·7 3·02 1·74, 5·26 37·4 1·7 2·12 1·81, 2·48 51·0 3·5 3·65 2·71, 4·92

Pinteraction= 0·857 Pinteraction= 0·698
Mental health counselling§
Yes 51·6 10·7 1·00 Ref. 73·9 18·0 1·99 0·28, 14·2 47·4 5·1 1·00 Ref. 75·2 8·6 5·45 2·05, 14·5
No 23·9 0·9 0·23 0·10, 0·52 27·9 3·7 0·30 0·12, 0·75 25·0 0·8 0·42 0·28, 0·65 38·1 2·8 0·75 0·47, 1·20

Pinteraction= 0·663 Pinteraction= 0·028
Depressive experience║
Unmet health-care needs
No 6·1 0·5 1·00 Ref. 13·8 2·1 2·04 1·42, 2·92 12·2 0·5 1·00 Ref. 21·7 2·3 1·63 1·22, 2·18
Yes 18·1 2·1 3·30 2·39, 4·56 32·1 7·4 5·51 2·71, 11·2 22·7 1·6 2·00 1·64, 2·45 41·9 4·2 4·20 2·92, 6·02

Pinteraction= 0·630 Pinteraction= 0·288
Mental health counselling§
Yes 50·3 9·8 1·00 Ref. 64·6 17·8 1·58 0·31, 8·01 50·9 5·2 1·00 Ref. 79·0 7·3 3·19 1·19, 8·54
No 7·6 0·6 0·10 0·05, 0·22 14·4 3·1 0·17 0·07, 0·42 13·5 0·6 0·17 0·11, 0·26 24·8 2·7 0·27 0·16, 0·47

Pinteraction= 0·927 Pinteraction= 0·206
Suicidal ideation║
Unmet health-care needs
No 4·6 0·4 1·00 Ref. 13·5 2·5 2·43 1·52, 3·86 6·8 0·4 1·00 Ref. 13·7 1·9 1·75 1·22, 2·50
Yes 12·9 1·8 3·02 2·09, 4·37 25·8 6·3 4·83 2·62, 8·89 15·1 1·3 2·29 1·84, 2·85 34·9 4·1 6·12 4·19, 8·93

Pinteraction= 0·288 Pinteraction= 0·118
Mental health counselling§
Yes 29·2 7·9 1·00 Ref. 79·7 14·0 7·38 1·23, 44·3 30·7 4·7 1·00 Ref. 56·8 10·3 4·20 1·60, 11·0
No 6·0 0·6 0·15 0·07, 0·35 12·9 3·1 0·29 0·11, 0·76 9·1 0·6 0·32 0·20, 0·51 20·6 2·5 0·71 0·41, 1·24

Pinteraction= 0·150 Pinteraction= 0·215

Ref., reference category.
*Age-adjusted prevalence was calculated by multivariate logistic regression analysis after adjusting for age.
†Multivariate OR and 95%CIwere calculated by logistic regression analysis after adjusting for age (continuous), household income (quartiles), place of residence (rural or urban), smoking (never, past or current smoker), alcohol drinking (none,
<high-risk drinker or high-risk drinker), regular walking (yes or no), met medical service needs (yes or no), nutrition education or counselling (yes or no) and BMI (<18·5, 18·5–24·9 or≥25·0 kg/m2). BMI was excluded in the model for obesity and
underweight.
‡The control group included individuals with a BMI of 18·5–24·9 kg/m2.
§Mental health counselling was surveyed using the same question only in 2012 and 2015.
║Depressive experience and suicidal ideation were surveyed only in 2012, 2013 and 2015.
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diseases than adults with food security. Their passive dis-
ease management would exacerbate the risk of diseases,
but studies on the combined effects of diseasemanagement
and food insecurity on health outcomes are scarce. The
present study found that among disease management-
related factors, taking medications to treat diseases was
not different by food insecurity status, but adults with food
insecurity had higher unmet health-care needs and mental
health counselling than adults with food security. The dif-
ference in disease management between adults with food
security and food insecurity had a different impact on men-
tal health and physical health outcomes.

Similar results have been shown in other studies in
which food insecurity was associated with a lack of disease
management and the two coexisting factors increased
adverse effects on health(11–14,31,32). People on low incomes
with food insecurity have high rates of poor access to care
and are more likely to delay care when needed, tending
to result in increased risk of obesity and diabetes(14,32). In
the adult participants in the National Health Interview
Survey, food-insecure people were less likely to use
cost-related medication and suffered more from chronic
conditions(12,13). Among adults with diabetes, food insecu-
rity was associated with poor diabetes self-management
and increased risk of hypoglycaemia(31). On the other
hand, a recent Canadian study reported that food insecurity
was associated with increased health-care use and
higher costs; the contrast with previous studies has been
explained by different access to health insurance in the
context of Canada’s universal health-care system(33).

The possible aetiological mechanism underlying the
association between food insecurity and physical or mental
health outcomes has been proposed in previous stud-
ies(2,3,31,34). Households with food insecurity could be more
likely to experience episodic food shortages, thereby fol-
lowing an abnormal cyclic pattern of food consumption
and metabolism alteration, and would be more dependent
on inexpensive and high-energy-density foods. These neg-
ative experiences would also promote a stress response
resulting in a preference for and intake of highly palatable
foods that are energy dense and which can promote diet-
induced obesity or insulin resistance(2,3,31,34). In addition,
the stress resulting from food shortages, constrained dietary
options and complementary coping behaviours among
food-insecure persons with low socio-economic status
would result in psychological distress and poor mental
health(6–8). The pathways between food insecurity and
health outcomes might be influenced by disease manage-
ment(11–14,31,32). When food insecurity results in the devel-
opment of chronic diseases, health-care expenditure and
the time required for managing disease will increase.
These circumstances put further strain on economic resour-
ces, exacerbating food insecurity. In this way, a cyclic rela-
tionship between food insecurity, poor health outcomes
and disease management arises(34). Thus, understanding
the role of disease management in household food

insecurity and the development of disease could be impor-
tant for interventions targeting modifiable factors such as
disease management.

In the present study, higher unmet health-care needs
was an important risk factor for health problems in adults
with food insecurity. Several studies have reported the
major reasons for unmet health-care needs as financial
burdens, limited availability of services or functional limita-
tions in adults with food insecurity(12–15,35,36). Additionally,
a recent Korean study using Community Healthy Survey
data found that use of health-care services to address men-
tal health problems was positively associated with a high
educational level(37). The study explained that the reasons
could be that higher educated adults could have more
opportunities to obtain information on access to mental
health services and less stigma of what others would think
about receiving mental health services. The findings
implied that an increased accessibility to mental health ser-
vices and increased public awareness about the services
are important for vulnerable populations, including adults
with food insecurity.

Despite the importance of mental health counselling,
ironically, adults with food insecurity who underwent men-
tal health counselling were more likely to have mental
health problems than those who did not undergo counsel-
ling. This unexpected result could be explained by reverse
causal inference because of the cross-sectional nature of
the data. Given that persistently needy individuals seek
more help, an at-risk population with mental health prob-
lems might be more likely to undergo mental health coun-
selling. The findings also reflect that the current services
could not be adequate to manage these problems.
Several studies reported that legal frameworks have been
established to implement community-based mental health
services, but professional staff and budget are lacking(38,39).
In addition, negative attitudes towards the services, distrust
of the service effects, or lack of money and time could be
the reasons for the non-persistent use of mental health ser-
vices among the vulnerable population(40,41). Therefore, for
the low-income mental health high-risk group, the mental
health service system might be improved first in terms of
resource planning and management, as well as promotion
to raise the awareness of services.

For physical health outcomes, the prevalence of obesity
and underweight was different between adults with food
security and insecurity, with a higher prevalence of under-
weight and obesity in men and women with food insecu-
rity, respectively. The physical health outcomes were the
worst in adults with food insecurity who did not meet
health-care needs or did not receive nutrition education
or counselling in the present study. In recent times, obesity
is a major health issue in the disadvantaged population,
particularly among children and women in Korea(10,42).
The disparity would be partially mediated by a lower intake
of healthy foods, such as vegetables and fruits(18–21). The
present study showed that insufficient diseasemanagement,
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such as unmet health-care needs and low participation in
nutrition education or counselling, could also affect the dis-
parity of physical health problems. The health-care system
should be more affordable and accessible to adults with
food insecurity to reduce the inequality of the health-care
burden which leads to health disparity.

Generally, in the present study, the gender difference in
the relationship between food insecurity, disease manage-
ment and health outcomes was not pronounced, suggesting
that the potential influence of food insecurity and disease
management on health is similar for men and women.
Unexpectedly, both men and women were more likely to
be obese or underweight regardless of food insecurity when
theywere trying to control weight comparedwith thosewho
were not. This might be explained by reverse causality, like
the result for the mental health counselling.

The present study has some limitations that should be
addressed in future studies. First, the study was based on
a cross-sectional survey; hence, only an association was
observed and causality could not be confirmed clearly.
Second, the mental health outcomes were assessed using
a single-item self-reported questionnaire. In terms of the
question for suicidal ideation, the single-item self-reported
assessment had the possibility of increased risk of misclas-
sification(43). On the other hand, several Western studies
have found that a single-item self-reported question for
depressive experiencemay be useful to identify depressive
patients(44–46). However, one study among Korean older
adults reported that a single question could substantially
underestimate depression(47). Therefore, the prevalence
of mental health outcomes in the present study may be
underestimated and further studies using questionnaires
fully valid for mental health outcomes are necessary.
Third, the status of household food insecurity was applied
to individuals to measure food insecurity. There is a pos-
sibility that an individual’s experience of food insecurity
and that of family members are likely to differ depending
on the allocation of resources within the household(1).
However, the study population is adult members who
are likely to be similarly food insecure(1), so that individual
food insecurity measures applied from the household level
measures might be suitable. Finally, we could not include
possible confounding factors that were not available in the
data set, such as substance use which could be an effect
modifier of mental health in relation with food insecu-
rity(48). Despite several limitations, the strength of the
present study is the use of a nationally representative sam-
ple showing that intervention in health-care management
may require a policy to further reduce the inequality in
health problems due to food insecurity.

Conclusion

In conclusion, adults with food insecurity had higher unmet
health-care needs and mental health counselling than

adults with food security. Unmet health-care needs was
related increased risk of obesity for food-insecure men
and mental health problems for both food-insecure men
and women. In addition, lack of participation in nutrition
education or counselling was related to increased risk of
obesity for food-insecure women. Food insecurity is one
of the most significant nutritional determinants of health
status. The policy and programme for adults with food inse-
curity need to provide integrated and persistent health-care
services with basic social services, such as food and hous-
ing, through the timely recognition and identification of the
health-care needs of such adults with physical and mental
health conditions.
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