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Relationship between skipping breakfast and bone
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Back ground and aims: It is well known that insufficient nutrient intake leads to poor bone status. To find
a simple evaluation method for prevention of nutrition intake disorder, a cross-sectional study with 275
healthy Japanese female students aged 19-25 was conducted. Methods: Anthropometric parameters, bone
mineral density (BMD) at lumbar and total hip, bone metabolic markers and physical activity were meas-
ured in study participants and the frequency of skipping meals (breakfast, lunch, supper), and absolute
values for nutrient intakes were assessed using a Diet History Questionnaire. Results: The frequency of
skipping breakfast significantly correlate to total energy intake (0= -0.276, p<0.001). BM], total intake
of energy, intake of protein, intake of phosphate, and energy expenditure positively correlated significant-
ly to BMD at lumbar and total hip (p<0.05) using simple linear regression. BMI (regression coefficient
(b))=0.088, p<0.001), bone alkaline phosphatase (b= -0.050, p=0.012), total energy expenditure (b=0.019,
»<0.001), and frequency of skipping breakfast (b= -0.018, p=0.048) were independent risk factors for
lower total hip BMD by multiple regression analysis. The total hip BMD in participants who skipped
breakfast three or more times was significantly lower than in those who did not skip breakfast (p=0.007).
Conclusions: In conclusion, managing the frequency of skipping breakfast and reducing it to <3 times per

week may be beneficial for the maintenance of bone health in younger women.
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INTRODUCTION

In recent years, several studies have reported on the habit
of skipping meals as part of a contemporary lifestyle and
the rate of skipping meals has increased worldwide.'”
The habit of skipping breakfast, in particular, has become
widespread in the United States'? with the rate of break-
fast skipped in adults increasing from 14% to 25% during
the 25 years from 1965 to 1991.* In the Netherlands, the
frequency of skipping breakfast was increased in adoles-
cents,’ the estimated rate of skipping breakfast in female
adults was 22% in Japan.’

Skipping meals leads to insufficient intake of essential
nutrients and is associated with negative impacts on body
weight and lean volume. Furthermore, the timing of skip-
ping meals and type of foods consumed are known to
affect body weight. It was reported that an intake of less
than 70% of required total energy intake per day by noon
results in a decline in body weight.® In previous study, a
larger body mass index (BMI) or overweight was ob-
served in those who skip breakfast.”® On the other hand,
Cho et al reported that lower BMI was observed in those
who skip breakfast.” Insufficient nutrient intake may af-
fect bone mineral density (BMD), since it is well known
that BMI is strongly correlated with BMD. %"

Compared to calculating the quantity of individual nu-
trient intakes, management of the frequency of meal skip-

ping is considered an easier method for avoiding inade-
quate nutrient intake.

In the present study, we attempted to clarify the contri-
bution of the frequency of skipping meals to absolute
nutrient intake, and its impact on BMD.

MATERIALS AND METHODS

Subjects

We conducted a cross-sectional study with 275 female
students aged 19-25 who were attending the Nursing
School of Tokyo Women’s Medical University, Tokyo,
Japan. These students were healthy female volunteers
who gave prior written informed consent. Subjects who
had conditions or were receiving medications that could
affect bone mass and subjects who were suspected of hav-
ing anorexia nervosa by the criteria of Diagnostic and

Corresponding Author: Dr Hiroaki Ohta, Clinical Medicine
Research Center, International University of Health and Wel-
fare, Women’s Health Center, Sanno Medical Center, 8-5-35
Akasaka, Minato-ku, Tokyo 107-0052, Japan.

Tel: 81-3-3402-5581; Fax: 81-3-3402-5529

Email: ohta-h@feel.ocn.ne.jp

Manuscript received 29 March 2013. Initial review completed
14 May 2013. Revision accepted 18 June 2013.

doi: 10.6133/apjcn.2013.22.4.10



584 T Kuroda, Y Onoe, R Yoshikata and H Ohta

Statistical Manual of Mental Disorders, fourth edition
(DSM-1V) and amenorrhea by interview of menstrual
situation were excluded from the study. The study proto-
col was approved by the ethics committee of Tokyo
Women’s Medical University.

Background characteristics of the study subjects
Information about current age, age at menarche, birth
weight, and current menstrual status was obtained by in-
terview. Anthropometric parameters including height and
body weight were measured and used to calculate the
BMIL. In addition, BMD of the lumbar vertebra 2-4 (L,4)
and total hip (hip), were measured using the QDR 4500
DXA bone densitometer (Hologic, Waltham, MA, USA).
The manufacturer’s phantom was scanned daily for quali-
ty control and to correct instrument drift. Our observed
coefficient of variation for the day-to-day quality control
scans was 0.7%.

Blood samples were collected from the participants and
separated into serum in order to measure bone metabolic
markers, cross linked N-telopeptide of type I collagen
(NTX) and bone-specific alkaline phosphatase (BAP).
Serum NTX was measured by enzyme-linked immuno-
sorbent assay (Osteomark NTX serum, Alere) and serum
BAP was measured by chemiluminescent enzyme immu-
noassay (Ostase, Beckman Coulter). The coefficients of
variations were less than 15% and 6.5%, respectively.
Time in the day of blood sampling and menstrual situa-
tion of participant was not regarded.

Measurement of dietary habit and physical activity
Dietary habits during the month prior to the study were
assessed in the participants using a validated, self-
administered Diet History Questionnaire (DHQ),'*"” and
daily consumption of major nutrients such as total energy
intake, proteins, lipids, carbohydrates, calcium, phosphate,
vitamin D, and vitamin K was calculated. Detailed de-
scriptions of the methods used for calculating dietary in-
take and the validity of the DHQ have been published
elsewhere. The subjects were asked about their habit of
skipping meals (breakfast, lunches and suppers) and the
frequency per week.

Physical activity of the study participants was calculat-
ed by Lifecorder EX wear for one week, a uniaxial accel-
erometer (Suzuken Co Ltd, Nagoya, Japan) that is used to
calculate total energy expenditure as well as daily energy
expenditure during physical activity.'?

Statistical analysis

In the descriptive analysis of background characteristics,
the numerical data were expressed as the mean+SD. First,
the contribution of the frequency of skipping meals
(breakfast, lunch, supper) to intake of nutrients was as-
sessed by Spearman’s rank test. The association between
BMD and categories of skipping meals, BMI, NTX, BAP,
total expenditure energy and energy expenditure during
exercise were then evaluated using Spearman’s rank cor-
relation. Finally, stepwise regression analysis was used to
estimate factors that independently contribute to BMD.
Final candidate variables for multiple regression analysis
were selected among significant variables in single liner
analysis. T-test analysis was used to evaluate the thresh-

old of frequency of meal skipping that leads to decreased
BMD. All reported p values are two-sided with a signifi-
cance level of 5%. All statistical analyses were performed
using the JMP (Japanese version 9.0.0, SAS Institute,
Cary, NC, USA).

RESULTS

Background characteristics of the participants

All surveys were conducted during the wintertime (from
December 2003 to February 2004). The mean age and
body weight of the 275 participants were 20.6+1.4 years
and 53.5+7.5 kg, respectively. Total hip BMD was 0.90+
0.10 g/cm2 and lumbar vertebra (L,.4) BMD was 1.00+
0.11 g/cm® The other demographics measured are shown
in Table 1. The mean values for intake of various nutri-
ents by the participants were similar to the national aver-
ages in their coevals such as calcium: 445 mg, vitamin D:
6.7 g in Japanese female (20 to 29 years)."” The number
(%) of participants who skipped meals more than once
per week was 142 participants (51.6%) with breakfast, 36
participants (13.1%) with lunch and 43 participants
(15.6%) with supper.

Relationship of time of skipping meals and nutrient status
To clarify which meals when skipped are associated with
insufficient intake of nutrients including calcium and
phosphate, the correlation between the frequency of meal
skipping and absolute intake value was evaluated for each
meal (Table 2). The frequency of skipping breakfast most
strongly contributed to total intake of energy (,0=-0.276,
p <0.001), and was significantly associated with all nutri-
ent parameters. The intake of energy and carbohydrate
significantly correlate to frequency of skipping lunches
and supper. The intake of vitamin K contributes to the
frequency of skipping lunches and the intake of vitamin D
correlate to the frequency skipping of supper.

Correlation between BMD and nutrient status and phys-
ical activity
BMI, BAP, intake of protein and energy expenditure con-
tributed significantly to L, 4 and hip BMD (Table 3). In-
take of total energy, lipid, carbohydrate, phosphate, vita-
min D, vitamin K, and frequency of skipping breakfast,
on the other hand, contributed significantly only to total
hip BMD.

The significant negative correlation was observed be-
tween body weight and frequency of skipping breakfast
(0=-0.142, p=0.019).

Multiple regression analysis for hip BMD

To evaluate the independency of candidate factors shown
to be associated with decreased hip BMD by correlation
analysis, stepwise regression analysis was performed (Ta-
ble 4). BMI, BAP, total energy expenditure, and frequen-
cy of skipping breakfast were independent risk factors for
lower hip BMD. The frequency of skipping breakfast did
not significantly contribute to L, , BMD by multiple re-
gression analysis.

Relationship between the frequency of breakfast skip-
ping and total hip BMD
The participants were divided into three groups based on
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Table 1. Demographics of participants

mean SD min max
Age, years 20.6 1.4 19 25
Height, cm 159 5.0 145 174
Weight, kg 53.5 7.5 37.6 81.5
BMI, kg/m? 21.2 2.7 15.2 31.2
Post-menarche, years 8.6 1.8 5 14
NTX, nMBCE/L 13.4 4.2 6.0 31.2
BAP, U/L 22.5 5.9 10.7 53.3
L, BMD, g/cm’ 1.00 0.11 0.74 1.30
Hip BMD, g/cm’ 0.90 0.10 0.63 1.24
Daily energy and nutrient intakes
Total energy, kcal 1870 630 690 6130
Protein, g 62 23 19 181
Lipid, g 61 27 10 175
Carbohydrate, g 250 74 111 689
Calcium, mg 520 260 100 1870
Phosphate, mg 970 390 280 2860
Vitamin D, g 12.2 8.2 0.5 57.3
Vitamin K, g 290 210 40 1670
Total energy expenditure, kcal/day 1820 170 1360 2300
Exercise energy expenditure, kcal/day 222 75.6 56 497
Frequency of skipping meal, times/week
Breakfast 1.7 2.2 0 7
Lunche 0.2 0.8 0 5
Supper 0.5 1.3 0 7

NTX type I collagen cross-linked N-telopeptides, BAP bone-specific alkaline phosphatase, BMD bone mineral density.

Table 2. Association between frequency of skipping each meal and absolute daily intake of nutrients

vs. variable

Time of meal skipped p p
Frequency of breakfast Total energy intake, kcal -0.276 <0.001
Protein, g -0.251 <0.001
Lipid, g -0.160 0.008
Carbohydrate, g -0.371 <0.001
Calcium, mg -0.238 <0.001
Phosphate, mg -0.264 <0.001
Vitamin D, g -0.130 0.031
Vitamin K, g -0.216 <0.001
Frequency of lunches Total energy intake -0.148 0.014
Protein, g -0.108 0.074
Lipid, g -0.080 0.184
Carbohydrate, g -0.205 0.001
Calcium, mg -0.094 0.120
Phosphate, mg -0.104 0.086
Vitamin D, g -0.094 0.119
Vitamin K, g -0.150 0.013
Frequency of supper Total energy intake -0.131 0.030
Protein, g -0.109 0.070
Lipid, g -0.105 0.084
Carbohydrate, g -0.163 0.007
Calcium, mg -0.036 0.554
Phosphate, mg -0.089 0.142
Vitamin D, g -0.175 0.004
Vitamin K, g -0.111 0.067

the frequency of breakfast skipping (those who did not
skip breakfast; those who skipped breakfast 1 or 2 times;
and those who skipped breakfast 3 or more times) to en-
sure there were enough participants in each group for
analysis, and hip BMD was compared. Hip BMD in the
group that skipped breakfast 1 to 2 times per week was

lower compared to those who did not skip breakfast, but
the difference was not statistically significant. Hip BMD
in participants who skipped breakfast three or more times,
however, was significantly lower than in those who did
not skip breakfast (p=0.071, p=0.007, respectively; Figure

).
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Table 3. Contribution of nutrient status and physical activity to L, 4 and hip BMD

Variables L,, BMD (g/em’) Hip BMD (g/cm’)

R p R 4
Age, years -0.021 0.728 -0.104 0.085
BMI, kg/m’ 0.420 <0.001 0.429 <0.001
NTX, nMBCE/L -0.059 0.331 -0.003 0.957
BAP, U/L -0.166 0.006 -0.140 0.020

Daily energy and nutrient intakes

Total energy, kcal 0.102 0.091 0.152 0.012
Protein, g 0.122 0.043 0.166 0.006
Lipid, g 0.068 0.262 0.158 0.009
Carbohydrate, g 0.093 0.123 0.119 0.049
Calcium, mg 0.066 0.279 0.091 0.131
Phosphate, mg 0.117 0.054 0.163 0.007
Vitamin D, g 0.101 0.094 0.183 0.002
Vitamin K, g 0.084 0.166 0.149 0.014
Frequency of skipping breakfast -0.094 0.122 -0.156 0.010
Total energy expenditure, kcal/day 0.408 <0.001 0.417 <0.001
Exercise energy expenditure, kcal/day 0.220 <0.001 0.194 0.002

NTX type I collagen cross-linked N-telopeptides, BAP bone-specific alkaline phosphatase, BMD bone mineral density.

Table 4. Multiple regression analysis for hip BMD

Item Regression coefficient (b) SE t p
BMI, kg/m’ 0.088 0.021 42 <0.001
BAP, U/L -0.050 0.020 -2.5 0.012
Total Energy expenditure, kcal/day 0.069 0.019 3.6 <0.001
Frequency of skipping breakfast -0.018 0.009 -2.0 0.048

BAP bone-specific alkaline phosphatase, BMD bone mineral density, SE standard error.

DISCUSSION

It is well known that lower body weight has adverse ef-
fects on future health in younger women. Blum et al re-
ported that low body weight and low BMI at menarche
were significant predictors of reduced bone mass in 40-45
year old healthy premenopausal women.'® Moreover, a
systematic review and meta-analysis showed that women
who are underweight are at increased risk of maternal
underweight and preterm birth.'” Adequate weight control
is therefore important for bone health and the future
health of a woman’s child. In Japan, the rate of low body
weight (BMI <18.5) in 20-year old women was reported
to be 29% and the Ministry of Health, Labour and Wel-
fare is taking measures to reduce this rate to 20%. Manag-
ing weight by controlling nutrient intake is useful in theo-
ry, but in actuality the calculation of detailed quantities of

nutrient intakes is difficult. We therefore used the fre-
quency of skipping meals as a surrogate index and evalu-
ated its relationship to BMD in younger (20-25 years old)
women. The contribution of skipping breakfast to body
weight, health-compromising behaviors, and obesity
treatment has been previously reported.'®

In the present study, the frequency of skipping break-
fast was higher than the frequency of skipping lunch and
supper, and a significant negative correlation was ob-
served between the frequency of skipping meals and ab-
solute intake of nutrients. The correlation between intake
of nutrition and frequency of skipping breakfast was rela-
tively higher than the frequency of skipping lunches or
supper. Therefore, management of skipping breakfast may
be important to secure quantity of nutrient required in a
day. The frequency of skipping breakfast was an inde-
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Figure 1. Relationship between the frequency of skipping breakfast and hip BMD
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pendent risk factor for lower hip BMD, and the threshold
for this effect was over 3 meals/week. Managing the fre-
quency of skipping breakfast is thought to be a simple
and useful method for maintenance of bone health in
younger women.

The present study has several limitations. Firstly, since
the study was carried out using a cross-sectional method
by only Japanese population in one urban area, future
effects on weight change could not be determined. Longi-
tudinal effects in other races should be assessed in future
studies. Secondly, the reasons for skipping meals were
not investigated. This is important to assess in order to
develop strategies to avoid meal skipping. Our previous
study found a significant association between nutrient
intake patterns of daughters and their mothers suggesting
that one reason for meal skipping in younger women may
be explained by familial habit.***’ Strategies for changing
these habits should therefore be targeted at the mother.

In conclusion, managing the frequency of skipping
breakfast and reducing it to <3 times per week may be
beneficial for maintenance of bone health in younger
women.
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