
Nutrition Research and Practice (Nutr Res Pract) 2013;7(5):400-408
http://dx.doi.org/10.4162/nrp.2013.7.5.400
pISSN 1976-1457 eISSN 2005-6168

Maternal and grandmaternal obesity and environmental factors as determinants of 
daughter’s obesity

Mi Na Shin1, Kyung Hea Lee2, Hye Sang Lee3, Satoshi Sasaki4, Hea Young Oh5, Eun Soon Lyu1* and 

Mi Kyung Kim5§

1Department of Food and Nutrition, Pukyung National University, Busan 608-737, Korea
2Department of Food and Nutrition, Changwon National University, Changwon-si, Gyeongnam 641-773, Korea
3Department of Food and Nutrition, Andong National University, Gyeongbuk 760-749, Korea
4Department of Social and Preventive Epidemiology, School of Public Health, University of Tokyo, 1-23-1 Toyama, Shinjuku-ku,
Tokyo 162-8636, Japan

5Translational Epidemiology Branch, Division of Cancer Epidemiology and Prevention, National Cancer Center, 111, 
Jungbalsan-ro, Madu-dong, Ilsandong-gu, Goyang-si, Gyeonggi 411-769, Korea

Abstract
Obesity may be the consequence of various environmental or genetic factors, which may be highly correlated with each other. We aimed to 

examine whether grandmaternal and maternal obesity and environmental risk factors are related to obesity in daughters. Daughters (n = 182) recruited
from female students, their mothers (n = 147) and their grandmothers (n = 67) were included in this study. Multivariable logistic regression was 
used to analyze the association between the daughter’s obesity and maternal, grandmaternal, and environmental factors. Maternal heights of 161-175cm
(OD: 8.48, 95% CI: 3.61-19.93) and 156-160 cm (2.37, 1.14-4.91) showed positive associations with a higher height of daughter, compared to 
those of 149-155 cm. Mothers receiving a university or a higher education had a significant OR (3.82, 1.27-11.50) for a higher height of daughter 
compared to those having a low education (elementary school). Mother having the heaviest weight at current time (59-80 kg, 3.78, 1.73-8.28) and 
the heaviest weight at 20 years of age (51-65 kg, 3.17, 1.53-6.55) had significant associations with a higher height of daughters, compared to those
having the lightest weight at the same times. There was no association between the height, weight, and BMI of daughters and the characteristics 
and education of her grandmothers. In conclusion, although genetic factors appear to influence the daughter’s height more than environmental factors,
the daughter’s weight appears to be more strongly associated with individual factors than the genetic factors.
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Introduction9)

Obesity has been a major public health problem worldwide 
for decades, not only in Western countries, but also in Asian 
countries, including Korea. The 2010 Korean National Health 
and Nutrition Examination Survey (KNHANES) reported that the 
prevalence of obesity in aged 19 years and older in 2010 was 
36.3% among men and 24.8% among women [1]. Obesity may 
be the consequence of various environmental or genetic factors. 
Potential risk factors for obesity in early life include genetic, 
physical, lifestyle, and environmental conditions. These factors 
may be highly correlated and may interact with each other. 
Therefore, the particular causal pathways involved remain 
unclear to a certain extent [2,3]. 

Some studies have shown that a strong association exists 

between parent and offspring obesity over two generation. [3-21]. 
Although controversy surrounds whether the mother’s BMI plays 
a more powerful role than the father’s BMI in the offspring’s 
BMI, most studies have found that the former has a strong 
association with offspring BMI than the latter [6-8,19,22-26]. A 
positive association has also been reported between birth weight 
and overweight, with individuals tending to be overweight aged 
6 to 7 years [17] and also aged 7 to 18 years when their birth 
weight was high [4].

Several studies have investigated obesity over three genera-
tions, and most of these have reported familial patterns of birth 
weight, food availability, and long life [19,20,27-29]. Murrin et al. 
[19] found evidence of BMI transmission over three generations 
through the maternal line (grandmother, mother, and child aged 
5 to7 years). Another three generation study in the U.S. among 
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subjects aged 5 to 19 years with their father and grandfather 
found an association of child weight status with grand-paternal 
obesity, distinct from paternal obesity [20]. Guillaume et al. [30] 
found familial factors (parents and grandparents) more influential 
than environmental factors on the BMI of children aged 6 to 
12 years in Belgium.

In relation to the effect of environmental factors on offspring, 
studies have shown associations between offspring obesity and 
household income, educational level of the mother, meals, 
smoking, drinking, menarche age, sleeping hours, energy intake, 
macronutrients, and physical activity [31-36]. Some studies 
showed a negative association between offspring being overweight 
and socioeconomic status [3,10,14,31,37]. In contrast, other 
studies showed that high socioeconomic status exhibited a great 
with being overweight than low socioeconomic status [38,39]. 
Overweight parents affect children’s television viewing, and that 
parental overweight had a positive influence on the child being 
overweight [11] and watching television was related to adult 
obesity [40]. Children who skipped breakfast [13], had a high 
energy intake [17,18], and were exposed to parental smoking 
[7,17] were more likely to be overweight and obese. Lower 
menarche age [36,41], reduced number of sleeping hours 
[8,16,17] and low physical activity [40,42] were also associated 
with being overweight. 

Few studies have examined associations of the height, weight, 
and BMI of the daughter with various factors of three generations 
of mother, grandmother, and daughter in Korea. Therefore, we 
examined how grandmaternal and maternal obesity and 
environmental risk factors are related to the daughter’s height, 
weight, and BMI among Korean female college students. 

Subjects and Methods

Subjects

Study subjects were female students of the Department of Food 
and Nutrition from three national universities in Korea, and 
mothers and grandmothers of the female students (182 daughters, 
147 mothers, and 67 grandmothers). Questionnaires were 
distributed through each university during lectures, and daughters 
who received the questionnaires were asked to forward them to 
mothers and grandmothers and then submit the completed forms 
to staff at each university. A total of 396 participants completed 
the survey. Missing answers or logistical errors were checked. 
When necessary, the students were asked to complete the 
questionnaires again. The mean ages of the daughters, mothers, 
and grandmothers were 21.1, 47.8, and 77.2 years, respectively. 
The present study was conducted between April and June 2011.

Survey contents

The self-administered questionnaires for the different age 

groups consisted of demographic and anthropometric items. The 
demographic data included the age, household income, and 
educational level. The anthropometric data included the current 
height (cm) and the weight (kg) of the three generations and 
the weight at age 20 years of the mother and the grandmother, 
Data were not collected on their height at 20 years. All the 
participants’ BMIs [weight (kg) / height (m2)] were calculated 
from self-reported height and weight. The BMI was used as a 
continuous or categorical variable. The cut-off point for “under-
weight” was < 18.5 kg/m2; “normal” was 18.5-22.9 kg/m2; “over-
weight” was 23.0-24.9 kg/m2; and “obese” was ≥ 25.0 kg/m2 
according to the decision of WHO criteria pertaining to obesity 
[43]. The term overweight refer to both overweight and obesity. 
In the lifestyle survey, we obtained information on frequencies 
of meals/day, smoking (non-, former-, and current- smoker), 
frequencies of passive smoking at home and outdoor (non-, 
former-, and current-smoker), drinking (non-, former-, and current- 
drinker), physical activity (metabolic equivalent of task values 
[METs]), menarche age (years), sleeping hours (min), dieting 
attempts (yes or no), age of dieting attempts, and frequency of 
dieting attempt. The METs were used to assess the physical 
activity of participants. METs calculation for “vigorous physical 
activity” was hour/day × day × 7, “moderately physical activity” 
was hour/day × day × 5, “walking” was hour/day × day × 3, and 
“sedentary activity” was hour/day × day × 2. We assessed dietary 
intake for the previous year using a 13-page self-administered 
semiquantitative (food frequency questionnaire). Dietary intake 
was measured for 95 food and beverage items, and the energy 
and nutrients were calculated. 

Statistical analysis 

The statistical analysis was performed with SAS software 
(version 9.1, Cary, NC, USA). All the variables of the mother 
and the grandmother corresponded to the daughter’s variables. 
Frequencies of underweight, normal weight, and overweight 
(including obesity) stratified by categorical variables were 
analyzed. First, the χ2 test was used to compare differences in 
the categorical variables between the three groups (< 18.5 kg/m2, 
18.5-22.9 kg/m2 and 23.0 kg/m2). Second, the analysis of variance 
(ANOVA) was used to determine the significance of the 
differences between the three groups for continuous variables. 
Post hoc analysis was performed by using the Duncan’s multiple 
range test. Third, a multivariable logistic regression analysis was 
conducted with height, weight, and BMI as the dependent 
variables adjusted for age, energy intake, and physical activity 
as continuous variables. Energy intake, sleeping hours, and the 
age at menarche of the daughters were treated in tertiles. The 
lowest tertile was used as a reference in each variable, except 
for menarche age, where the highest tertile was used as a 
reference. The heights and the weights of the mothers and the 
grandmothers were also treated in tertiles. Underweight mothers 
and grandmothers were excluded from the categories of their 



402 Major determinants of daughter’s obesity

< 18.5 kg/m2

(n = 40)
18.5-22.9 kg/m2

(n = 113)
23.0 kg/m2 <

(n = 29) χ² value P-value1)

Frequency of meals
  2 meals/day 21 (52.5)2) 64 (56.6) 19 (65.5) 

1.19 0.55
  3 meals/day 19 (47.5) 49 (43.4) 10 (34.5) 
Smoking
  Non-smoker 39 (97.5) 110 (97.3) 29(100.0) 

1.29 0.86  Former-smoker 1 (2.5) 2 (1.8) 0 (0.0) 
  Current-smoker 0 (0.0) 1 (0.9) 0 (0.0) 
Frequency of passive smoking at home
  None 21 (67.7) 57 (67.0) 17 (70.8) 

7.55 0.11  < 3/7 days 8 (25.8) 18 (21.2) 1 (4.2) 
  3/7 days ≤ 2 (6.5) 10 (11.8) 6 (25.0) 
Frequency of passive smoking (outdoor)
  None 2 (6.2) 8 (9.8) 0 (0.0) 

3.69 0.45  < 3/7 days 18 (56.3) 38 (46.3) 10 (45.5) 
  3/7 days ≤ 12 (37.5) 36 (43.9) 12 (54.5) 
Drinking
  Non-drinker 3 (7.5) 2 (1.8) 2 (6.9) 

3.57 0.47  Former-drinker 1 (2.5) 3 (2.6) 1 (3.4)
  Current-drinker 36 (90.0) 108 (95.6) 26 (89.7) 
Dieting attempt
  No 36 (90.0) 70 (62.0) 14 (48.3)

15.14 < 0.001
  Yes 4 (10.0) 43 (38.0) 15 (51.7)
Household monthly income (10,000 won)
  < 200 2 (8.3) 19 (25.3) 10 (45.5) 

12.70 0.01  200-299 9 (37.5) 11 (14.7) 3 (13.6) 
  300 ≤ 13 (54.2) 45 (60.0) 9 (40.9) 
Educational level of the mother
  Elementary school 0 (0.0) 2 (2.3) 1 (4.0) 

1.66 0.80  Middle or high school 24 (80.0) 73 (82.0) 21 (84.0) 
  University or higher 6 (20.0) 14 (15.7) 3 (12.0) 
Educational level of the grand mother
  Elementary school 12(100.0) 33 (82.5) 12(100.0) 

4.72 0.32  Middle or high school 0 (0.0) 6 (15.0) 0 (0.0) 
  University or higher 0 (0.0) 1 (2.5) 0 (0.0) 
1) Different between the three BMI groups at α = 0.05 by chi-squared test
2) N (%)

Table 1. General characteristics of study subjects (daughters) according to obesity

BMI due to their very little proportion. The physical activity 
of the daughters was divided into two groups and low physical 
activity was considered as a reference. P-values and p for linear 
trend of < 0.05 were considered to be statistically significant.

Results

Characteristics of study subjects

Table 1 shows the characteristics of the daughters with different 
BMI status (underweight-, normal weight-, and overweight). The 
frequency of eating two meals per day was higher than three 
meals per day, regardless of their BMI. Most daughters were 
non-smokers and current-drinkers. Smoking and drinking were 

not associated with the BMI status of the daughters. Although 
the frequencies of passive smoking at home and outdoor were 
higher in overweight daughters, there were no significant 
differences in the BMI status. Daughters with dieting attempt 
experiences were significantly more likely to be overweight than 
those with no dieting attempt experiences. Daughters with low 
household income were significantly more likely to be 
overweight than those with high household income. While most 
mothers had graduated from middle or high school, most 
grandmothers had graduated only from elementary school. 

Macronutrient intake, sleeping hours, physical activity, menarche 
age of daughters, and anthropometric measurements of daughters, 
mothers, and grandmothers according to obesity

The daughter’s heights were not different among three groups 
of BMI status (Table 2). There were no significant differences 
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< 18.5 kg/m2 18.5-22.9 kg/m2 23.0 kg/m2 < F-value P-value
Daughter (3rd generation) n = 40 n = 113 n = 29
  Height (cm) 162 ± 4.981) 162 ± 4.85 161 ± 5.55 0.77 0.465 
  Weight (kg) 46.6 ± 3.46a2) 53.0 ± 4.52b 64.1 ± 6.15c 121.48 < 0.0001
  Energy (kcal) 2,493 ± 712 2,595 ± 102 2,389 ± 704 0.65 0.524 
  Carbohydrate (g) 372 ± 99.7 374 ± 131 349 ± 82.0 0.53 0.588 
  Protein (g) 93.5 ± 33.7 99.5 ± 41.4 94.3 ± 43.5 0.42 0.655 
  Fatty acid (g) 65.7 ± 25.2 71.2 ± 38.8 64.2 ± 32.4 0.68 0.510 
  Sleeping hours (min) 400 ± 55.8 396 ± 68.0 416 ± 98.4 0.86 0.423 
  Physical activity (METs)3) 79.0 ± 79.7 115 ± 98.9 78.8 ± 74.9 3.47 0.033
  Menarche age (yrs) 12.7 ± 1.21 12.9 ± 1.46 12.2 ± 1.63 2.65 0.074 
Mother (2nd generation) n = 30 n = 90 n = 27
  Height (cm) 159 ± 5.19 159 ± 5.32 156 ± 5.21 2.21 0.113 
  Current weight (kg) 53.5 ± 6.78 56.6 ± 7.22 55.6 ± 8.49 2.02 0.136 
  Weight at 20 years (kg) 49.1 ± 6.01 49.6 ± 5.24 48.7 ± 4.62 0.36 0.699 
  Current BMI (kg/m2) 21.3 ± 2.30 22.4 ± 2.32 22.7 ± 3.17 2.66 0.073 
  BMI at 20 years of age (kg/m2)4) 19.7 ± 1.97 19.6 ± 1.80 20.0 ± 1.68 0.31 0.737 
Grandmother (1st generation) n = 13 n = 42 n = 12
  Height (cm) 158 ± 3.12 155 ± 5.34 155 ± 5.70 2.14 0.126 
  Current weight (kg) 60.2 ± 11.6 54.7 ± 9.17 51.6 ± 11.3 2.42 0.097 
  Weight at 20 years (kg) 51.2 ± 7.86 48.7 ± 5.58 48.0 ± 5.55 0.92 0.403 
  Current BMI (kg/m2) 24.1 ± 4.66 22.7 ± 3.50 21.4 ± 3.40 1.55 0.220 
  BMI at 20 years (kg/m2)4) 20.6 ± 3.38 20.4 ± 2.50 20.1 ± 2.12 0.08 0.920 

1) Mean ± SD.
2) Superscripts with different alphabets in a row are significantly different by Duncan's multiple range test.
3) METs; vigorous physical activity: hour/day × day × 7; moderately physical activity: hour/day × day × 5; walk: hour/day × day × 3; sedentary activity: hour/day × day × 2
4) Height of at 20 years was not researched; now height was used.

Table 2. Macronutrient intake, sleeping hours, physical activity, menarche age of daughters, and anthropometric measurements of daughters, mothers, and grand 
mothers according to obesity

in intakes of total energy and macronutrients, sleeping hours, 
and menarche age among the BMI status groups, but physical 
activity showed significant differences between the three BMI 
groups. The anthropometric measurements of the mothers and 
the grandmothers also showed no significant differences in the 
different BMI status groups.

Association with the daughter’s height, weight, and body mass 
index and lifestyle characteristics

As shown in Table 3, there were no significant associations 
between the daughter’s height and energy intake, macronutrients, 
frequencies of meals, dieting attempt, sleeping hours, physical 
activity, menarche ages, and household monthly income. Weight 
of daughters was associated with their dieting attempts and 
menarche age. Daughters having a menarche age of under 12 
years did not show a significant association (OD: 2.75, 95% CI: 
0.89-8.46) with their overweight (BMI > 23.0 kg/m2). But 
daughters having dieting attempts (3.77, 1.82-7.82) and menarche 
age of under 12 years (3.44, 1.34-8.83) had a significant 
association with their higher weight.

Association with the daughter’s height, weight, and body mass 
index and the anthropometric and educational level of their 
grandmother and mother

As shown in Table 4, we found positive associations between 
the height of daughters and the current weight, the weight at 
20 years, and a high education of her mother. Maternal heights 

of 161-175 cm (OD: 8.48, 95% CI: 3.61-19.93) and 156-160 
cm (2.37, 1.14-4.91) showed positive associations with a higher 
height of daughter, compared to those of 149-155 cm. Mothers 
receiving a university and a higher education had a significant 
OR (3.82, 1.27-11.50) for a higher height of daughter compared 
to those having a low education (elementary school). Mother 
having the heaviest weight at current time (59-80 kg: 3.78, 
1.73-8.28) and the heaviest weight at 20 years of age (51-65 
kg: 3.17, 1.53-6.55) had significant associations with a higher 
height of daughters, compared to those having the lightest weight 
at the same times. In addition, we could not find the association 
between the characteristics and education of grandmothers and 
the height, weight, and BMI of daughters. 

Discussion

The present study found that the daughter’s height is related 
to the current height, weight, weight at 20 years, and educational 
level of her mother. The daughter’s weight was associated with 
her age at menarche and dieting attempts and the current weight 
of her mother.

Many studies have revealed a strong association between 
parental and offspring BMI [3-15,18-21]. Results from studies 
showing a stronger association of the mother than the father with 



Total N
Higher height1) Higher weight2) BMI3)

N (%)
(higher height)

Multivariate
OR (95%CI)4)

N (%)
(higher weight)

Multivariate
OR (95%CI)

N (%)
(over-weight)

Multivariate
OR (95%CI)

Daughter (3rd generation)
Energy (kcal/day)
  < 1,942 50 21 (42.0) 1.00 15 (30.0) 1.00 10 (20.0) 1.00
  1,942-2,597 59 24 (40.7) 0.94 (0.44-2.03) 13 (22.0) 0.69 (0.29-1.64) 10 (17.0) 0.86 (0.31-2.43)
  2,597 < 73 36 (49.3) 1.28 (0.61-2.68) 17 (23.3) 0.80 (0.35-1.85) 9 (12.3) 0.64 (0.22-1.83)
  P for trend 0.47 0.64 0.40
Carbohydrate (g/day)
  < 301 60 26 (43.3) 1.00 16 (26.7) 1.00 10 (16.7) 1.00
  301-400 58 21 (36.2) 0.76 (0.33-1.72) 13 (22.4) 0.86 (0.33-2.24) 11 (19.0) 1.57 (0.48-5.10)
  400 < 64 34 (53.1) 1.54 (0.51-4.66) 16 (25.0) 1.19 (0.32-4.45) 8 (12.5) 1.21 (0.21-7.02)
  P for trend 0.51 0.84 0.77
Protein (g/day)
  < 72 53 21 (39.6) 1.00 14 (26.4) 1.00 10 (18.9) 1.00
  72-100 61 26 (42.6) 1.18 (0.52-2.68) 16 (26.2) 0.94 (0.37-2.39) 12 (19.7) 1.18 (0.40-3.51)
  100 < 68 34 (50.0) 1.51 (0.48-4.75) 15 (22.1) 0.78 (0.21-2.99) 7 (10.3) 0.44 (0.08-2.42)
  P for trend 0.48 0.73 0.48
Fat (g/day)
  < 43 37 14 (37.8) 1.00 11 (29.7) 1.00 8 (21.6) 1.00
  43-65 67 29 (43.3) 1.26 (0.53-2.98) 16 (23.9) 0.73 (0.28-1.90) 12 (17.9) 0.79 (0.26-2.41)
  65 < 78 38 (48.7) 1.48 (0.49-4.47) 18 (23.1) 0.68 (0.20-2.38) 9 (11.5) 0.52 (0.10-2.59)
  P for trend 0.49 0.55 0.44
Frequency of meals/day
  3 meals/day 78 37 (47.4) 1.00 16 (20.5) 1.00 10 (12.8) 1.00
  2 meals/day 104 44 (42.3) 0.85 (0.46-1.56) 29 (27.9) 1.52 (0.74-3.14) 19 (18.3) 1.51 (0.61-3.74)
  P for trend 0.60 0.25 0.37
Dieting attempt
  No 120 50 (41.7) 1.00 20 (16.7) 1.00 14 (11.7) 1.00
  Yes 62 31 (50.0) 1.43 (0.77-2.68) 25 (40.3) 3.77 (1.82-7.82) 15 (24.2) 1.83 (0.78-4.30)
  P for trend 0.26 < 0.001 0.17
Sleeping hours (min)
  240-360 67 31 (46.3) 1.00 18 (26.9) 1.00 13 (19.4) 1.00
  361-420 73 32 (43.8) 0.85 (0.43-1.67) 15 (20.6) 0.75 (0.34-1.68) 7 (9.6) 0.54 (0.19-1.53)
  421-720 40 17 (42.5) 0.80 (0.36-1.78) 12 (30.0) 1.29 (0.53-3.11) 9 (22.5) 1.27 (0.46-3.54)
  P for trend 0.57 0.75 0.85
Physical activity (METs)5)

  ≤ 90 85 34 (40.0) 1.00 23 (27.1) 1.00 16 (18.8) 1.00
  91 ≤ 97 47 (48.5) 1.38 (0.76-2.51) 22 (22.7) 0.78 (0.40-1.56) 13 (13.4) 0.58 (0.25-1.33)
  P for trend 0.29 0.49 0.20
Menarche age6)

  14 yrs ≤ 45 19 (42.2) 1.00 7 (15.6) 1.00 5 (11.1) 1.00
  13 yrs 46 22 (47.8) 1.38 (0.61-3.12) 12 (26.1) 2.45 (0.87-6.90) 7 (15.2) 1.56 (0.44-5.46)
  ≤ 12 yrs 81 37 (45.7) 1.23 (0.60-2.54) 25 (30.9) 3.44 (1.34-8.83) 16 (19.8) 2.75 (0.89-8.46)
  P for trend 0.77 0.03 0.10
Household monthly income (10,000won)
  < 200 31 11 (35.5) 1.00 11 (35.5) 1.00 10 (32.3) 1.00
  200-299 23 9 (39.1) 0.91 (0.35-2.36) 5 (21.7) 0.89 (0.29-2.72) 3 (13.0) 1.14 (0.27-4.87)
  300 ≤ 67 36 (53.7) 1.72 (0.90-3.30) 16 (23.9) 1.04 (0.49-2.21) 9 (13.4) 0.80 (0.31-2.02)
  P for trend 0.07 0.39 0.09
1) Higher height was defined as the highest tertile of height among the daughters.
2) Higher weight was defined as the highest tertile of weight among the daughters.
3) Obesity was defined as ≥ 23 kg/m2 of the BMI.
4) OR: odds ratio, 95%CI: 95% confidence interval

Multivariate ORs were adjusted for age (continuous), energy intake (kcal), physical activity (METs).
5) METs; vigorous physical activity: hour/day × day × 7; moderately physical activity: hour/day × day × 5; walk: hour/day × day × 3; sedentary activity: hour/day × day × 2
6) The age at menarche of the daughters were divided into tertile.

Table 3. Lifestyle characteristics and other information of daughters in related to height, weight, and body mass index: results of multivariate logistic regression.
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Total N
Higher height1) Higher weight2) BMI3)

N (%)
(higher height)

Multivariate
OR (95%CI)5)

N (%)
(higher weight)

Multivariate
OR (95%CI)

N (%)
(over-weight)

Multivariate
OR (95%CI)

Grandmother(1st generation)

Height (cm)6)

  142-153 23 7 (30.4) 1.00 9 (39.1) 1.00 7 (30.4) 1.00

  154-157 20 11 (55.0) 1.78 (0.68-4.71) 4 (20.0) 0.67 (0.20-2.20) 2 (10.0) 0.46 (0.09-2.33)

  158-168 24 14 (58.3) 2.04 (0.84-4.95) 6 (25.0) 1.01 (0.36-2.78) 3 (12.5) 0.76 (0.19-3.02)

  P for trend 0.08 0.26 0.25

Current weight (kg)6)

  35-50 24 9 (37.5) 1.00 11 (45.8) 1.00 7 (29.2) 1.00

  51-58 19 9 (47.4) 1.40 (0.53-3.73) 4 (21.1) 0.64 (0.20-2.10) 2 (10.5) 0.37 (0.08-1.80)

  60-78 24 14 (58.3) 1.96 (0.81-4.78) 4 (16.7) 0.55 (0.17-1.75) 3 (12.5) 0.76 (0.19-3.08)

  P for trend 0.11 0.02 0.16

Weight at 20 years of age (kg)6)

  38-45 18 8 (44.4) 1.00 6 (33.3) 1.00 3 (16.7) 1.00

  47-50 22 11 (50.0) 1.25 (0.50-3.14) 4 (18.2) 0.72 (0.22-2.34) 2 (9.1) 0.47 (0.10-2.26)

  51-58 18 9 (50.0) 1.44 (0.53-3.91) 7 (38.9) 1.99 (0.70-5.71) 4 (22.2) 1.45 (0.39-5.45)

  P for trend 0.35 0.51 0.54

Current BMI (kg/m2)4)

  18.5-22.9 28 13 (46.4) 1.00 11 (39.3) 1.00 6 (21.4) 1.00

  23 < 33 16 (48.5) 1.22 (0.57-2.63) 6 (18.2) 0.64 (0.24-1.68) 4 (12.1) 0.66 (0.20-2.17)

  P for trend 0.63 0.11 0.47

BMI at 20 years of age (kg/m2)4)

  18.5-22.9 34 16 (47.1) 1.00 13 (38.2) 1.00 6 (17.7) 1.00

  23 < 9 4 (44.4) 1.04 (0.19-5.65) 2 (22.2) 0.79 (0.15-4.08) 1 (11.1) 0.59 (0.06-5.61)

  P for trend 0.67 0.51 0.46

Educational level 

  Elementary school 57 28 (49.1) 1.00 18 (31.6) 1.00 12 (21.1) 1.00

  Middle or high school 6 3 (50.0) 1.04 (0.19-5.65) 1 (16.7) 0.71 (0.08-6.60) 0 (0.0) < 0.001

  University or higher 1 1 (100.0) > 999.999 0 (0.0) < 0.001 0 (0.0) < 0.001

  P for trend 0.89 0.29 0.95

Mother (2nd generation)

Height (cm)6)

  149-155 47 9 (19.2) 1.00 13 (27.7) 1.00 13 (27.7) 1.00

  156-160 55 26 (47.3) 2.37 (1.14-4.91) 12 (21.8) 1.00 (0.44-2.30) 7 (12.7) 0.55 (0.20-1.53)

  161-175 44 33 (75.0) 8.48 (3.61-19.93) 13 (29.5) 1.49 (0.64-3.48) 6 (13.6) 0.59 (0.20-1.74)

  P for trend < 0.0001 0.56 0.06

Current weight (kg)6)

  40-52 53 17 (32.1) 1.00 10 (18.9) 1.00 11 (20.8) 1.00

  53-58 48 22 (45.8) 1.67 (0.81-3.47) 13 (27.1) 1.76 (0.75-4.09) 8 (16.7) 0.92 (0.34-2.51)

  59-80 45 29 (64.4) 3.78 (1.73-8.28) 15 (33.3) 2.38 (1.01-5.57) 7 (15.6) 0.81 (0.28-2.34)

  P for trend 0.002 0.06 0.29

Weight at 20 years of age (kg)6)

  39-46 49 15 (30.6) 1.00 11 (22.5) 1.00 10 (20.4) 1.00

  47-50 44 21 (47.7) 1.79 (0.83-3.82) 9 (20.5) 1.02 (0.41-2.53) 6 (13.6) 0.78 (0.26-2.33)

  51-65 51 31 (60.8) 3.17 (1.53-6.55) 17 (33.3) 1.81 (0.83-3.97) 9 (17.6) 1.01 (0.38-2.70)

  P for trend 0.003 0.20 0.65

Current BMI (kg/m2)4)

  18.5-22.9 88 40 (45.5) 1.00 22 (25.0) 1.00 17 (19.3) 1.00

  23 < 53 27 (51.0) 1.54 (0.80-2.96) 16 (30.2) 1.58 (0.76-3.29) 9 (17.0) 0.87 (0.35-2.17)

  P for trend 0.44 0.46 0.33

Table 4. Anthropometric characteristics and educational level of grandmother and mother for daughters in related to height, weight, and body mass index: results
of multivariate logistic regression.

Mi Na Shin et al. 405



406 Major determinants of daughter’s obesity

Total N
Higher height1) Higher weight2) BMI3)

N (%)
(higher height)

Multivariate
OR (95%CI)5)

N (%)
(higher weight)

Multivariate
OR (95%CI)

N (%)
(over-weight)

Multivariate
OR (95%CI)

BMI at 20 years of age (kg/m2)4)

  18.5-22.9 100 48 (48.0) 1.00 28 (28.0) 1.00 18 (18.0) 1.00

  23 < 5 1 (20.0) 0.30 (0.03-2.86) 2 (40.0) 1.90 (0.29-12.7) 1 (20.0) 0.91 (0.08-10.7)

  P for trend 0.26 0.62 0.92

Educational level 

  Elementary school 3 2 (66.7) 1.00 1 (33.3) 1.00 1 (33.3) 1.00

  Middle or high school 118 49 (41.5) 1.10 (0.52-2.32) 32 (27.1) 1.34 (0.57-3.20) 21 (17.8) 1.61 (0.52-4.97)

  University or higher 23 16 (69.6) 3.82 (1.27-11.50) 4 (17.4) 0.70 (0.19-2.64) 3 (13.0) 1.05 (0.21-5.39)

  P for trend 0.05 0.26 0.47
1) Higher height was defined as the highest tertile of height among the daughters.
2) Higher weight was defined as the highest tertile of weight among the daughters.
3) Obesity was defined as ≥ 23 kg/m2 of the BMI.
4) Normal weight: 18.5-22.9 kg/m2; overweight: 23.0-24.9 kg/m2; obese: ≥ 25.00 kg/m2 

5) OR: odds ratio, 95%CI: 95% confidence interval
Multivariate ORs were adjusted for age (continuous), energy intake (kcal), physical activity (METs).

6) Height and weight of the mother were divided into tertile.

Table 4. continued

the offspring’s BMI may be explained by woman’s crucial role 
of shopping and cooking within a family and by the maternal 
uterine environment [5,24]. However, some studies have shown 
no differences between the maternal-offspring and the paternal 
- offspring BMI [23,44]. This suggests that the influence of the 
intra-uterine environment is not decisive [23], whereas parents 
and offspring may share similar meals and exercise habits [44]. 
In this study, only the influence of the maternal line on the 
daughter’s obesity was evaluated. Many studies have shown an 
association between parent and child obesity, with studies of 
obesity over three generations revealing an association between 
parent and child obesity and between grandparent and grandchild 
obesity [8,11,13,14,20,29]. This was not confirmed in our study, 
possibly due to the insufficient numbers of grandmothers 
surveyed compared with the numbers of mothers and daughters. 
Cooper et al. [15] found a strong association between parental 
and child BMI that continued until middle age. Although our 
results showed a positive association between maternal current 
weight and the weight of the daughters, there was no association 
between the mother’s and the daughter’s BMI. 

Previous studies, which examined associations between socioe-
conomic status and offspring obesity, showed that offspring with 
low socioeconomic status have an increased risk of being 
overweight [3,31,33-37]. Other studies have reported that offsp-
ring with low socioeconomic status in industrialized countries 
[31,37] and/or in urban areas [4] are more likely to be overweight 
than offspring with high socioeconomic status. Drewnowski et 
al. [45] suggested that high household income could provide the 
economic capability to purchase more expensive food with high 
levels of nutrients and be associated with a balanced diet that 
contains more whole grains, low-fat dairy products, fruits, and 
vegetables. On the other hand, the prevalence of offspring being 
overweight has been reported to be positively related with 
socioeconomic status in developing countries [38] and in rural 

area [39]. Despite the many studies reporting that socioeconomic 
status is related to the offspring being overweight, only the 
daughter’s height was positively associated with the educational 
level of her mother in the present study. This may be because 
most mothers surveyed graduated only middle or high schools. 
High energy intake is widely known to be linked to being 
overweight [17,18], but our results did not conform this. This 
may be because 34% of the daughters had experiences in dieting 
attempts, and 57% of the daughters ate only two meals per day. 
Although sleeping hours showed no significant association with 
obesity in the present study, other studies showed that offspring 
with short sleeping hours have an increased risk of being 
overweight [8,16,17,40]. There are several possible explanations 
for the relationship between sleeping hours and obesity. A short 
number of sleeping hours could cause a decrease in the secretion 
of the nigh-time growth hormone, which is mostly secreted 
during the first half of the night and functions in controlling 
lipolysis during the night [8,46]. And other explanation may be 
that sleeping for limited periods could cause an increase in 
sympathetic nerve activity, cortisol secretion, and hyperinsu-
linemia, all of which are known to be associated with the 
development of obesity [47]. 

In the present study, physical activity was lowest among those 
who were overweight, but it was not associated with daughters 
being overweight in multivariate logistic regression analysis. This 
finding dose not coincide with results reported in other studies, 
which showed that low physical activity is related to obesity 
[35,40,42]. The adjusted OR for overweight with early menarche, 
which was menarche aged under 12 years, was 3.44. There is 
no consensus as to whether early puberty causes later obesity 
or obesity causes early puberty [36,41]. 

The main strength of the present study was in conducting a 
survey of young adult daughters and their mothers and grand-
mothers, enabling us to identify influences of genetic and 
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environmental factors. Several limitations of the present study 
should be taken into account. First, the population was not a 
representative sample of Korean women in the general popula-
tion. Second, we could not analyze using only the subjects having 
perfect data composed to daughter, her mother and her grand-
mother due to their small sample size. The grandmother sample 
size was relatively small compared with the daughter and mother 
sample sizes. Therefore, the statistical power may have been 
insufficient to allow the identification and stabilization of the 
association between the daughter’s obesity and the grandmother’s 
obesity. Third, using self-reported height and weight data may 
result in some inaccuracies. As shown in other studies, the use 
of self-reported weight and BMI tends to underestimate actual 
values, particularly in overweight women [48]. In addition, the 
self-reported weight at age 20 years relied on the mother’s and 
the grandmother’s memories, thereby increasing the risk of 
inaccuracy. However, self-reported height and weight have been 
reported to be reasonably valid measures for identifying relation-
ships in epidemiological studies [49]. Fourth, most participants 
belonged to the normal weight range, making is difficult to 
generalize the results of this study.

In conclusion, the present study of Korean women showed that 
young adult daughter’s height was associated with her mother’s 
height and her mother’s current weight, weight at 20 years, and 
educational level. The daughter’s weight was related to dieting 
attempts, age at menarche, and to maternal current weight. 
Therefore, genetic factors may exert a great influence on the 
daughter’s height than environmental factors. The daughter’s 
weight might show a stronger association with environmental 
factors than with genetic factors. Further large-scale studies with 
sufficient numbers of obese participants and with all family 
members of three generations are required to confirm the roles 
of various genetic and environmental factors at each stage of 
life (birth, childhood, adolescence, and adulthood) and to 
determine obesity. 
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