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ABSTRACT

Objective To assess general knowledge of diabetes

and its determinants among adult men and women in a
Japanese community.

Setting A cross-sectional study with the residential
registry in Gifu City. Blood tests were conducted to
measure fasting blood glucose levels and the levels after
2hours of a 75-gram oral glucose load. Participants’
previous diagnosis of diabetes and demographic status
were identified from a questionnaire. A validated food
frequency questionnaire was also administered. To assess
the association between good knowledge of diabetes and
the level of each factor, a logistic regression was utilised
with adjustments for age, education and parental history
of diabetes.

Participants A total of 1019 men and women aged
40-78 years.

Primary outcome measure The Diabetes Knowledge
Questionnaire was administered. Participants with

>75% of answers correct were defined as having a good
knowledge of diabetes.

Results Previous diagnosis of diabetes was significantly
associated with good knowledge of diabetes (O0R=2.36;
95%Cl 1.19 to 4.68). Among individuals with no previous
diagnosis of diabetes, age >60 years (0R=0.55; 95% Cl
0.36 to 0.86, p value for trend=0.02) and education <12
years (OR=0.54; 95% Cl 0.30 to 0.97) were significantly
associated with low knowledge of diabetes. The highest
tertile intakes of green—yellow vegetables (OR=1.77;
95% Cl 1.07 to 2.91, p value for trend=0.03) and seafood
(OR=1.76; 95% Cl 1.04 to 2.95, p value for trend=0.03)
were associated with high knowledge of diabetes.
Conclusions Some diabetes risk factors were implied to
determine the general knowledge of diabetes. Conducting
further studies of knowledge in various populations is
warranted.

INTRODUCTION

Educating diabetic patients is considered an
optimal way of enhancing self-management
of the disease,1 whereas diabetes education
in general populations has been empha-
sised less. Nonetheless, education of the
general public may have potential benefits,
such as promoting a primary and secondary
prevention by raising awareness of diabetes

Strengths and limitation of this study

» Knowledge of diabetes and its determinants among
1019 general community-dwelling Japanese men
and women selected from the residential registry
was assessed.

» In addition to the use of self-administered ques-
tionnaire, diabetes status was defined from fasting
blood glucose levels and the levels after 2 hours of a
75-gram oral glucose load.

» To the best of our knowledge, this was the first
study to thoroughly evaluate the various risk factors
of diabetes, including demographic, physical and di-
etary factors, as potential determinants of diabetes
knowledge in a general population.

» The cross-sectional nature of the study limits the
potential to show a causal relationship between the
suggested determinants and the diabetes knowl-
edge level.

and eliminating prejudice toward diabetic
patients. Hence, evaluating the knowledge of
diabetes in populations, especially those with
a high prevalence of diabetes, can potentially
contribute to society.

Several past studies in populations of
non-European descent have researched
diabetes knowledge and its associated
factors.”” However, the factors examined
in these studies were limited to the diabetes
status of participants and their relatives or
major sociodemographic  characteristics.
Researching various potential determinants
of general knowledge of diabetes in rela-
tion to the risk of diabetes is important.
Obesity and physical inactivity were the two
most important modifiable risk factors of
diabetes,” but smoking status and dietary
factors also reportedly predict the risk of
diabetes.” ' However, no previous studies
have thoroughly assessed these risk factors
in relation to the knowledge of diabetes in
general populations. To identify groups who
lack knowledge of diabetes commensurate to
their level of risk factors in the general public
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would contribute to a plan for effective education. Hence,
the aim of this study was to assess the level of general
knowledge of diabetes among middle-aged or older men
and women residing in a community in Japan and assess
its association with diabetes risk factors.

MATERIALS AND METHODS

Study population

Data was cross-sectionally collected from men and women
residing in Gifu City, Japan. The study methods have been
described previously."" In brief, men and women aged
40-78 years were randomly selected from the 2005 resi-
dential registry. They were invited to visit one of the clinics
and hospitals designated for the current study. About 20%
of the invited individuals participated in the study. Data
of 1099 participants were confirmed with their diabetes
status. Among them, 1019 participants who answered the
Diabetes Knowledge Questionnaire (DKQ)'? were anal-
ysed for the current study.

Measurements

A self-administered questionnaire was conducted at each
study site. Knowledge of diabetes was measured with a
24-item version of the DKQ, which was originally devel-
oped to measure general diabetes knowledge to eval-
uate diabetes selfmanagement education.'”” The DKQ
was translated into Japanese for the current study by
an author of the study (specialising in chronic disease
epidemiology) and edited by another author (special-
ising in diabetes and endocrinology). Age, sex, marital
status, employment status, education history, parental
history of diabetes and smoking status were asked in the
questionnaire. The Intake of food and nutrients was esti-
mated from a validated food frequency questionnaire."”
The intake that was reported as risk/protective factors of
diabeteslo—green—yellow vegetables, seafood, alcohol,
coffee, dairy products, magnesium, iron and omega-6
polyunsaturated fatty acids—was logarithmically trans-
formed and analysed. The dietary glycaemic index and
glycaemic load were calculated based on a previously
described method.'* The nutrient intake and dietary
glycaemic load were adjusted for total energy intake by
using the residual method proposed by Willett."” The
level of physical activity was estimated and transferred
into metabolic equivalents-hours/week using a validated
questionnaire.'® Height and weight were measured at the
study site and body mass index (BMI) was calculated from
them.

Blood tests were conducted to measure the fasting
blood glucose level and the level after 2hours of a
75-gram oral glucose load. After an overnight fast, the
subjects were asked to refrain from taking any medica-
tion on the morning of the study. Before conducting an
oral glucose tolerance test, a physician interviewed partic-
ipants and took firsthand measurements of the glucose
to evaluate the safety of the oral glucose load. Individuals
with diabetes were identified as having fasting plasma

glucose 2126 mg/dL, or 2hours post glucose 2200 mg/
dL, in accordance with the criteria of the Japan Diabetes
Society.'” Prediabetes is a condition of impaired fasting
glucose or impaired glucose tolerance or both. Predia-
betes was defined as impaired fasting glucose or impaired
glucose tolerance, which was referred to as the border-
line type'”: with a fasting plasma glucose level >110mg/
dL and <126mg/dL, or a 2-hour plasma glucose level
after a 75 g oral glucose load 2140 mg/dL and <200 mg/
dL. A previous diagnosis of diabetes was identified with
a questionnaire, using the following criteria: individuals
who identified their age at their diagnosis of diabetes,
who reported periodic visits to a hospital/clinic for the
purpose of treatment and controlling their diabetes,
who reported taking insulin injections to treat diabetes
or who were on medication for diabetes. With the infor-
mation from blood tests and reported previous diagnosis
of diabetes, we classified participants into four groups:
those with a previous diagnosis of diabetes, those with
undiagnosed diabetes (individuals who had never been
diagnosed as having diabetes but whose current blood
tests indicated the disease), those with prediabetes (iden-
tified from the current blood test) and normoglycaemia
participants.

Statistical analysis

Good knowledge of diabetes was defined as equal to or
greater than 75% of answers correct (18 or more) of
24 items on the DKQ.' Logistic regression analysis was
utilised to assess factors associated with good knowledge
of diabetes with adjustment for age. The model was
additionally adjusted for education and parental history
of diabetes as potential confounders, since their asso-
ciation with knowledge of diabetes has been reported
previously.” The intake of food and nutrients was cate-
gorised into tertile groups for analysis. To test for linear
trends across categories, the median of each category was
included in the logistic models. The Hosmer-Lemeshow
test was utilised to test the hypothesis of reasonable fit for
all logistic regression models."” The association between
knowledge and diabetes status was analysed among all
participants. The analysis of the association between
diabetes knowledge and diabetes risk factors was limited
to those without a previous diabetes diagnosis because it
was highly associated with knowledge of diabetes. All the
statistical analyses were performed with SAS 9.4 software.

Patient and public involvement
The study participants were not involved in the design of
this study.

RESULTS

Table 1 summarises the background characteristics of
participants, according to a previous diagnosis of diabetes.
In 24 questions on the DKQ), the mean number of correct
answers was 10.9 (SD 5.3) for participants with no previous
diagnosis of diabetes and 13.2 (SD 5.1) for participants
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Table 1 Background characteristics of participants according to diabetes status
Without a previous  With a previous
diagnosis of diagnosis of
diabetes diabetes
Overall (n=961) (n=58)
Number Mean (SD)
Age in years 1019 59.3 (9.8) 59.1 (9.8) 63.6 (9.2)
BMI* 1012 23.0 (3.2 22.9 (3.2) 24.0 (4.1)
Physical activity (METs-hours/week) 1019 26.9 (35.8) 26.5 (35.0) 32.3 (47.0)
Intake of yellow—green vegetables (g/day)* 940 147.8 (112.9) 147.5 (114.0) 153.1 (94.2)
%
Males 1019 42 a1 52
Currently married 1019 83 83 81
Currently employed 1019 61 63 38
Education 12years or longer 1019 73 74 60
Parental history of diabetes 1019 13 12 19
Smoking status*
Never 589 60 60 55
Former 250 25 25 28
Current 148 15 15 17

*Individuals with missing value were excluded.
BMI, body mass index; METs, metabolic equivalents.

who had been previously diagnosed with diabetes. Table 2
summarises the relationship between diabetes status and
good knowledge of diabetes. As compared with normo-
glycaemic participants, those with a previous diagnosis of
diabetes were significantly more likely to have good knowl-
edge of diabetes. The proportion of correct answers to
the DKQ questions was obtained according to a previous
diabetes diagnosis (see online supplementary appendix
table 1).

Tables 3 and 4 summarise the relationship between
good knowledge of diabetes and each factor among indi-
viduals with no previous diagnosis of diabetes. Partici-
pants who were 60 years old or older were significantly less
likely to have good knowledge of diabetes as compared
with younger participants. Participants who had less than
12 years of education were significantly less likely to have
good knowledge of diabetes as compared with those with

more education. Participants with a parental history of
diabetes were significantly more likely to have good
knowledge of diabetes as compared with those without a
parental history; however, the association was attenuated
after adjustment for potential confounders. Smokers,
especially former smokers, were less likely to have good
knowledge of diabetes as compared with never smokers,
although statistical significance was not achieved. Partic-
ipants who had higher intake of green—yellow vegetables
and those with higher intake of seafood were signifi-
cantly more likely to have good knowledge of diabetes.
Participants with higher intake of coffee were signifi-
cantly less likely to have good knowledge of diabetes.
Participants whose intake of iron were in the third tertile
were significantly more likely to have good knowledge of
diabetes as compared with those in the first tertile. The
Hosmer-Lemeshow test indicated a good fit for all of the

Table 2 Relationships between diabetes status and good knowledge of diabetes* among Japanese participants

Good knowledge Age-adjusted

Number of diabetes OR (95% ClI) Adjusted ORT (95% CI)
Diabetes status
Normoglycaemia 682 13% 1 1
Previous diagnosis of diabetes 58 22% 2.38 (1.21 to 4.68) 2.36 (1.19 to 4.68)
Undiagnosed diabetes 62 11% 0.96 (0.42 to 2.19) 0.90 (0.39 to 2.07)
Prediabetes 217 10% 0.81 (0.49 to 1.35) 0.80 (0.48 to 1.33)

*>75% correct answers in the Diabetes Knowledge Questionnaire.

TAdjusted for age (numeric), education 12 years or longer (yes/no) and parental history of diabetes (yes/no).
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Good
knowledge of  Age-adjusted OR Adjusted
n diabetes, % (95% Cl) Pt ORZ% (95% Cl) P....T

<60years old 470 17 1 1

Sex

Female 566 14 1.33 (0.89 to 2.00) 1.33 (0.89 to 2.00)

Married 797 13

—
—

Employmentf]

w
a
N
—
N

Currently not
employed

1.47 (0.93 to 2.32) 1.49 (0.94 to 2.37)

—_
(&)]
-
-

12years or longer 707

Parental history of DM

Yes 120 20 1.70 (1.02 to 2.81) 1.65 (1.00 to 2.74)

Less than 25 737 12

—
—

Smoking status9|

Former 235

[y
'y

0.55 (0.29 to 1.04) 0.55 (0.29 to 1.05)

Physical activity (METs-hours/week)

Second tertile 252 13 1.02 (0.63 to 1.63) 1.01 (0.63 to 1.63)

*>75% correct answers in the Diabetes Knowledge Questionnaire.

TP value for tests of trend from regression analyses with the median value of category as a continuous variable.
FAdjusted for age (numeric), education 12 years or longer (yes/no) and parental history of diabetes (yes/no).
§Age in two categories (not in numeric term) was analysed in the model.

flindividuals with missing value were excluded from the analysis.

BMI, body mass index; DM, diabetes mellitus; METs, metabolic equivalents.

multivariable models (p>0.05) except for the model with
smoking status. It failed to indicate a good fit for several
age-adjusted models.

DISCUSSION

This cross-sectional study among community-dwelling
adult men and women in Japan indicated that indi-
viduals with a previous diagnosis of diabetes had more

knowledge than those without previous diagnosis, which
was expected from the previous findings.”**' Moreover,
we identified certain risk factors of diabetes that were
independent determinants of low levels of knowledge
about diabetes among individuals without previous diag-
nosis of diabetes: older age, lower education level and
lower intakes of green—yellow vegetables and seafood.
Marginally significant low knowledge levels were also
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Good knowledge
of diabetes, % Age-adjusted OR (95%Cl) P .t Adjusted OR% (95%CI) P, T

=1

Green-yellow vegetables

Second tertile 298

—_
o

0.93 (0.55 to 1.58) 0.89 (0.53 to 1.51)

Seafood

-
~

Second tertile 290 1.56 (0.93 to 2.61) 1.55 (0.92 to 2.59)

Alcohol consumption

Second tertile 252

'y
—_

0.83 (0.50 to 1.38) 0.82 (0.49 to 1.37)

Coffee

1/month to 6/weeks 286 19 1.86 (0.80 to 4.37) 1.92 (0.81 to 4.53)

>1/day 343 9 0.59 (0.24 to 1.43) <0.01 0.59 (0.24 to 1.45) <0.01

First tertile 293 12 1 1

Third tertile 298 12 1.07 (0.65 to 1.76) 0.76 1.02 (0.62 to 1.69) 0.90

First tertile 300 13 1 1

Third tertile 292 14 1.55 (0.94 to 2.57) 0.09 1.48 (0.89 to 2.47) 0.14

First tertile 304 11 1 1

Third tertile 286 15 2.13 (1.27 to 3.59) <0.01 2.07 (1.22 to 3.49) 0.01

First tertile 295 11 1 1

Third tertile 292 14 1.33 (0.81t0 2.18) 0.26 1.30 (0.79 to 2.13) 0.30

First tertile 295 13 1 1

Third tertile 294 11 0.74 (0.45 to 1.23) 0.25 0.79 (0.47 to 1.32) 0.37

First tertile 294 13 1 1

Third tertile 295 11 0.89 (0.54 to 1.47) 0.61 0.93 (0.56 to 1.55) 0.76

*>75% correct answers in the Diabetes Knowledge Questionnaire.

TP value for tests of trend from regression analyses with the median value of category as a continuous variable.
FAdjusted for age (numeric), education 12 years or longer (yes/no) and parental history of diabetes (yes/no).
§Individuals with missing value were excluded from the analysis.

Gl, glycaemic index; GL, glycaemic load.

(3]
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observed in former smokers. On the contrary, the level
of risk and knowledge were positively associated with
some other risk factors: the intakes of coffee and iron.
To the best of our knowledge, this study was the first to
thoroughly evaluate the various risk factors of diabetes,
including demographic, physical and dietary factors, as
determinants of knowledge of diabetes in a general popu-
lation. These findings indicate that the effective diabetes
education for the general public involves targeting those
with observed diabetes risk factors.

The association between general knowledge of
diabetes and dietary intake has not been widely evalu-
ated in general populations. A study of diabetes patients
supports our finding, as individuals with lower nutrition
knowledge had lower intake of fruit and vegetables.?
Two studies among general populations in the UK also
support our finding, that knowledge of the links between
diet and disease is positively correlated with the intake
of vegetables or vegetables and fruit combined.” **
However, the knowledge assessed in these studies was for
diseases in general, not specifically for diabetes. Another
study reported the positive association of fish intake
with knowledge of diet and diseases; however, the study
was conducted among medical students, and the asso-
ciation was observed only among students with high
fibre intake.” A further related previous study reported
that among general populations, individuals who made
conscious efforts to eat a healthy diet were more likely
to consume high amounts of vegetables.”® These studies
assessed the knowledge of nutrition and disease; however,
our study specifically assessed knowledge of diabetes
and its association with healthy eating behaviours,
which included the intakes of green-yellow vegetables
and seafood. The association was possibly mediated by
health-conscious attitudes. Meanwhile, the association of
knowledge with the intake of coffee or iron was not the
same, and high-risk individuals were more likely to have
good knowledge of diabetes. The observed inconsistency
may be caused by the fact that the beneficial or adverse
effects of the intakes of coffee and iron are not yet widely
known in public. An inverse association between coffee
intake and the risk of diabetes was published in 2002;
until then, there had been some debate about the role
of caffeine in the development of diabetes.”® Likewise,
the role of body iron in the risk of developing diabetes is
only supported by emerging evidence.” Because of that,
consumption of coffee and food rich in iron may not be
linked to health-conscious attitudes. Moreover, residual
confounders may have influenced the results.

The current study has several limitations. The participa-
tion rate was low, and our participants may not accurately
reflect the general population in the community. The prev-
alence of diabetes is lower than the national estimation,so
and we assume that health-conscious individuals were more
likely to participate in the current study. In such a case, the
observed associations between risk factors and diabetes
knowledge are robust, as they were observed among partic-
ipants whose level of diabetes knowledge was higher and

less varied than that of the general population. Risk factors
and previous diagnosis of diabetes were self-reported, yet
the blood glucose levels and BMI were estimated from
measured values. Although we adjusted for age, education
and parental history of diabetes in the analysis, the study
could not rule out the possibility of residual confounders.
Despite these limitations, important information can be
obtained from the current results, since few data exist on
the knowledge of diabetes and its determinants, and no
studies have extensively evaluated diabetes risk factors as
determinants of knowledge.

In conclusion, good knowledge of diabetes is lower in
individuals without a previous diagnosis of diabetes as
compared with those with a previous diagnosis among
adult men and women in a Japanese community. We
further observed some diabetes risk factors were determi-
nants of low knowledge of diabetes, which were old age,
a lower education level, the low intakes of green—yellow
vegetables and seafood, and possibly past smoking status.
Conducting further research to seek target groups for
effective education to raise the knowledge of diabetes in
populations is an asset.
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