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Abstract: We investigated whether older Korean women with prolonged breastfeeding duration have
an increased risk of tooth loss, chewing difficulty, or undernutrition, as well as whether tooth loss and
chewing difficulty mediate the association between breastfeeding duration and undernutrition risk.
This study included 1666 women aged ≥65 years from the 2013–2015 Korea National Health and
Nutrition Examination Survey who breastfed after delivery. The number of teeth and chewing ability
were investigated based on the status of individual teeth and a self-report questionnaire, respectively.
Dietary intake was estimated using the 24 h recall method. Compared with women who breastfed
for 1–18 months, the odds ratios for tooth loss were 1.16 (95% confidence interval [CI] = 0.69–1.94),
1.79 (95% CI = 1.08–2.94), and 1.86 (95% CI = 1.16–2.97) among women who breastfed for 19–36,
37–72, and ≥73 months, respectively (p for trend = 0.004). Similar results were obtained for chewing
difficulty and undernutrition. Furthermore, tooth loss and chewing difficulty partially mediated the
association between breastfeeding duration and undernutrition risk. In conclusion, older Korean
women who breastfed for longer periods are more likely to experience tooth loss, chewing difficulty,
and undernutrition, which are particularly severe among women who breastfed for ≥37 months. The
association between breastfeeding duration and undernutrition risk is mediated by tooth loss and
chewing difficulty.

Keywords: older Korean women; breastfeeding duration; tooth loss; chewing difficulty; undernutrition

1. Introduction

Breastfeeding yields health benefits for mothers such as a reduced risk of chronic
diseases, including type 2 diabetes, hypertension, breast cancer, and ovarian cancer [1].
Conversely, breastfeeding affects maternal bone metabolism by utilizing approximately
300–400 mg of calcium daily for breast milk production. Previous studies show that bone
loss can occur during breastfeeding [2,3]. This phenomenon can be explained by the rapid
bone turnover associated with breastfeeding [4–6]. Breastfeeding leads to the secretion
of parathyroid hormone-related protein (PTHrP) and estrogen deficiency, which further
result in differentiation of osteoclast precursors [6–9]. Notably, breastfeeding-induced bone
loss is temporary, with complete recovery achieved within 6–12 months after stopping
breastfeeding [6,10]. Osteoclast apoptosis occurs after breastfeeding is stopped and the
PTHrP and estrogen levels return to normal [6,11]. A systematic review of prospective
human studies demonstrated temporary breastfeeding-induced bone loss with complete
recovery or a tendency toward recovery. The included studies primarily measured bone
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density at specific sites, such as the lumbar spine, hip, and forearm, as well as the entire
body [12].

Alveolar bone surrounds the tooth roots and forms the tooth sockets within the
jawbone that hold teeth in place [13,14]. Previous studies have suggested that breastfeeding
is associated with reduced alveolar bone in rats [15,16]. Jawbone osteoclasts express
higher levels of anti-apoptotic genes, including Bcl-2 and Bcl-xL, compared to long bone
osteoclasts [17]. This suggests that alveolar bone loss caused by breastfeeding could be
less likely to be fully recovered. Breastfeeding women might be more susceptible to tooth
loss, which is supported by a previous study of Korean postmenopausal women [18].
The study revealed negative associations of the total breastfeeding duration and average
breastfeeding duration per infant with the number of natural teeth. On the other hand,
one of the essential functions of teeth is to chew food [19]. Individuals with fewer teeth
or impaired chewing ability are likely to alter their food choices based on their oral status,
potentially leading to negative effects on their nutritional status [20,21].

The upper limit of the breastfeeding duration is not defined [22]. However, prolonged
breastfeeding might pose unique challenges for older Korean women, as many of them
practice unusually prolonged breastfeeding. Conversely, North American mothers typically
follow a social norm that encourages weaning at 6 months following delivery [23], with
a breastfeeding rate of 24.7% in the United States in 1971 [24]. On the other hand, in
Korea the tradition is to breastfeed for 3 years [25], and 99.7% of Korean infants were
breastfed in 1970 [26]. We anticipate that prolonged breastfeeding can lead to a higher
risk for tooth loss, chewing difficulty, and undernutrition among older Korean women.
However, only one study [18] examined the link between breastfeeding duration and
number of teeth. And the study included Korean postmenopausal women and did not
address the link between breastfeeding duration, chewing ability, and nutritional status.
Here, we investigated this question and determined whether tooth loss and chewing
difficulty mediate the association between breastfeeding duration and undernutrition risk,
utilizing nationally representative data.

2. Materials and Methods
2.1. Study Participants

This cross-sectional study was conducted using data from the 2013–2015 Korea Na-
tional Health and Nutrition Examination Survey (KNHANES). KNHANES is a survey
of community-dwelling South Korean civilians and comprises health interviews, health
examinations, and nutrition assessments. The survey is conducted by Korea Centers for
Disease Control and Prevention (KCDC) every year [27]. The Institutional Review Board
(IRB) of the KCDC approved the 2013 (IRB approval number: 2013-07CON-03-4C) and
2014 (IRB approval number: 2013-12EXP-03-5C) surveys. The 2015 survey was posted as
research conducted by the nation for public welfare and thus was exempt from review by
the IRB at the KCDC per the Bioethics and Safety Act. This is described in the Guidebook
for KNHANES database [28]. 1950 women aged ≥65 years who had a history of breastfeed-
ing following delivery were included in KNHANES. We excluded 284 individuals with
missing data or implausible energy intake (<500 or >5000 kcal/d) [29]. Finally, this study
included 1666 individuals. The breastfeeding duration was determined by participant
recall and defined as the total lifetime duration of breastfeeding. Those who answered “yes”
to the question “Have you ever breastfed for at least one month?” were considered to have
breastfeeding experience. They were asked about the total breastfeeding duration. Breast-
feeding duration was categorized into four groups based on previous study examining the
association between breastfeeding duration and sarcopenia in elderly Korean women: 1–18,
19–36, 37–72, and ≥73 months (n = 161, =411, =559, and =535, respectively) [30]. Figure 1
presents a flowchart of participant selection.
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Figure 1. Flowchart of study participants. KNHANES, Korea National Health and Nutrition Exami-
nation Survey.

2.2. Anthropometry, Lifestyle, Health Status, and Reproductive Factors

Trained examiners measured the height and weight while participants were wear-
ing light indoor clothing and no shoes, ensuring precision to the nearest 0.1 cm and
0.1 kg, respectively. Body mass index (BMI) was calculated by dividing weight (kg) by
height squared (m2). Smoking was defined as having consumed more than five packs
(100 cigarettes) over the entire lifetime [31]. Drinking was defined as having consumed
alcohol at least once a month during the past year [31]. Regular walking was defined as
walking ≥30 min at least five times per week [32]. The KNHANES also recorded whether
individuals brush their teeth before and after breakfast, before and after lunch, before
and after dinner, after snacks, and before going to bed. Using this information, the daily
frequency of tooth brushing was categorized as ≤1, 2 or ≥3, with values ranging between
0 and 8. We recorded the presence of chronic diseases, including hypertension, diabetes,
dyslipidemia, stroke/myocardial infarction/angina pectoris, and cancer, based on diag-
noses made by a doctor. Additionally, we categorized the number of chronic diseases as
0, 1, or ≥2. And the reproductive factors were determined by participant recall. Number
of pregnancies was identified for those who answered “yes” to the question “Have you
ever been pregnant (including current pregnancy, spontaneous abortion, artificial abortion,
ectopic pregnancy, and etc.)?”. Age at last birth was investigated for those who answered
“yes” to the question “Have you ever given birth (including normal birth, preterm birth,
and etc.)?”. We calculated time since last birth by subtracting age at last birth from current
age. Breastfeeding duration was obtained as described above.
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2.3. Number of Teeth and Chewing Ability

To estimate the number of teeth, we used the status of individual teeth. Dentists
categorized the status of individual teeth as 0, 1, 3, 4, 5, 6, 7, 8, and 9 corresponding to
healthy, caries, caries-experienced treatment, loss of caries-experienced, loss of caries-non-
experienced, full-color, caries-non-experienced treatment, unerupted, and non-recordable,
respectively. The tooth was considered to be present if its status was categorized as 0, 1, 3, 6,
or 7. Otherwise, the tooth was considered to be absent [33]. The estimated number of teeth,
excluding the third molars, could range from 0 to 28 and was categorized into four groups:
0–9, 10–20, 21–26, and ≥27 [34–36]. Tooth loss was defined as ≤16 teeth [37]. Chewing
ability was rated on a 5-point scale using the following question: “Do you experience
discomfort when chewing food due to mouth-related issues, such as teeth, dentures, or
gum problems? (If you use dentures, please indicate the discomfort experienced when
chewing while wearing them).” Responses of “very uncomfortable” and “uncomfortable”
were considered as the presence of chewing difficulty, whereas responses of “moderate”,
“not uncomfortable”, and ”not uncomfortable at all” were considered as its absence [38]. In
addition, we defined tooth loss/chewing difficulty as present if an individual had at least
one of these conditions.

2.4. Dietary Intake

To assess dietary intake, we used the 1-day 24 h recall method. Trained dietitians
investigated food and beverage consumption during the previous day. We determined
the intake of energy, carbohydrates, proteins, fats, dietary fibers, vitamin A, thiamin,
riboflavin, niacin, vitamin C, calcium, phosphorus, iron, sodium, and potassium. We also
calculated the proportion of energy intake from carbohydrates, proteins, and fats. The
food items were categorized into 17 groups, namely grains, potatoes, legumes, nuts and
seeds, vegetables, mushrooms, seaweeds, fruits, meats, fish and shellfish, eggs, milk and
dairy products, beverages, alcohol, oils, sugars, and seasonings. We estimated the intake
for individual food groups as well as the total food intake. For nutrients with a defined
recommended dietary allowance [39], we calculated the index of nutritional quality (INQ).
For proteins, vitamin A, thiamin, riboflavin, niacin, vitamin C, calcium, phosphorous, and
iron, we calculated INQs as nutrient intake per 1000 kcal/recommended dietary allowance
of nutrient per 1000 kcal [40]. The INQs were determined for the aforementioned nutrients,
with INQ < 1.0 indicating insufficient nutritional intake and INQ ≥ 1.0 indicating sufficient
nutritional intake [40]. Individuals with a mean INQ < 0.75 were considered to have
undernutrition [41,42].

2.5. Statistical Analyses

Continuous variables are presented as the mean ± SE. Categorical variables are pre-
sented as the percentage (SE) referring to previous studies using KNHANES data [43,44].
Dietary variables are expressed as LSmean ± SE following adjustment for potential con-
founders. Potential confounders included age, BMI, smoking, drinking, regular walking,
daily frequency of tooth brushing, and number of chronic diseases. We included the
number of chronic diseases in potential confounders for the following reasons. 84% of
older Korean adults have at least one chronic disease [45]. And comorbidity of chronic
diseases appears to be related to number of teeth and dietary intake [46–48]. We verified
whether characteristics of the study participants differ by breastfeeding duration including
age, anthropometry, lifestyle, health status, and reproductive factors using a general linear
model with Bonferroni’s multiple comparisons test or the chi-square test. To evaluate
the associations of breastfeeding duration with tooth loss and chewing difficulty, we
performed the chi-square test. Differences in dietary variables according to breastfeed-
ing duration were determined using a general linear model with Bonferroni’s multiple
comparisons test after adjustment for all potential confounders. For dietary variables, we
also estimated the p for trend using the median for each breastfeeding duration category
as a continuous variable. Previous study [49] was referred to testing trend for type 2
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diabetes risk by assigning median to each breastfeeding duration category and treating
this as a continuous variable. We calculated adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) for tooth loss across breastfeeding duration using logistic regression
analysis. Adjustments were made for the aforementioned potential confounders. p for
trends were estimated similarly with dietary variables. Likewise, we examined whether
breastfeeding duration is related to the risk of chewing difficulty, tooth loss/chewing
difficulty, or undernutrition. And we analyzed whether the relationship between tooth
loss/chewing difficulty and undernutrition risk is influenced by breastfeeding duration.
Adjusted ORs and 95% CIs for undernutrition risk across tooth loss/chewing difficulty
categories were obtained, with stratification by two categories of breastfeeding duration
(1–36 and ≥37 months). Potential confounders were adjusted as described previously.
The influence of the interaction between breastfeeding duration and tooth loss/chewing
difficulty on the undernutrition risk was tested. The p for interaction was obtained using
logistic regression analysis.

Furthermore, we assessed the mediating effects of tooth loss and chewing difficulty on
the relationship between breastfeeding duration and the undernutrition risk using the Baron
and Kenny method. In mediation analysis, breastfeeding duration was divided into 1–36
and≥37 months. The mediation analysis framework is presented in Figure 2. We conducted
four logistic regression analyses after adjusting for potential confounders to determine the
beta coefficients, SEs, ORs, and 95% CIs. In the first analysis, breastfeeding duration was
regressed on the undernutrition risk (path c). In the second analysis, breastfeeding duration
was regressed on the risk of tooth loss/chewing difficulty (path a). The third analysis
involved simultaneously regressing breastfeeding duration and tooth loss/chewing diffi-
culty on the undernutrition risk (paths c’ and b, respectively) [50]. A mediating effect was
considered present when the following conditions were fulfilled: the association between
breastfeeding duration and undernutrition risk was significant (path c); the association be-
tween breastfeeding duration and the risk of tooth loss/chewing difficulty was significant
(path a); the association between tooth loss/chewing difficulty and undernutrition risk was
significant after adjusting for breastfeeding duration (path b); and the association between
breastfeeding duration and undernutrition risk (path c) was stronger than the same associ-
ation after adjusting for tooth loss/chewing difficulty (path c’) [51]. Full mediation was
considered to occur if the significance of breastfeeding duration disappeared after adjusting
for tooth loss/chewing difficulty (path c’). On the other hand, a partial mediation effect
was considered present when breastfeeding duration remained significant after adjusting
for tooth loss/chewing difficulty (path c’) [52]. We determined the magnitude of the change
in the OR of undernutrition risk explained by tooth loss/chewing difficulty among women
who breastfed for ≥37 months compared to those who breastfed for 1–36 months using
the following formula: ([ORpath c − ORpath c’]/[ORpath c − 1]) × 100 [53]. Furthermore,
the Sobel test was conducted to verify the significance of the mediating effect based on
the results for paths a and b (http://www.quantpsy.org/sobel/sobel.htm, accessed on
6 November 2023). All statistical analyses were performed using SAS (version 9.4; SAS
Institute Inc., Cary, NC, USA).

http://www.quantpsy.org/sobel/sobel.htm
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difficulty; respective paths c’ and b, breastfeeding duration and tooth loss/chewing difficulty were
simultaneously regressed on undernutrition risk.

3. Results
3.1. Characteristics of Study Participants

Table 1 presents the characteristics of the study participants. Women who breast-
fed for 37–72 or ≥73 months were significantly older than those breastfeeding 1–18 or
19–36 months (p < 0.001). Those who breastfed for ≥73 months were significantly least
likely to walk regularly (p < 0.001). And those breastfeeding for 1–18 months were signifi-
cantly most likely to brush their teeth frequently (p = 0.010). Diabetes was significantly more
prevalent among women with longer breastfeeding durations (p = 0.006). The opposite
result was seen for dyslipidemia (p = 0.009). Those breastfeeding longer had significantly
higher number of pregnancies (p < 0.001).

3.2. Number of Teeth and Chewing Ability According to Breastfeeding Duration

Table 2 presents the number of teeth and chewing ability by breastfeeding duration.
There was a significant association between breastfeeding duration and the number of
teeth (p < 0.001). There was a lower prevalence of 21–26 and ≥27 teeth among women
who breastfed for 37–72 or ≥73 months compared to those who breastfed for 1–18 or
19–36 months. The opposite results were observed for 0–9 and 10–20 teeth. The findings for
women who breastfed for 1–18 months were similar to those for women who breastfed for
19–36 months. Additionally, women who breastfed for ≥73 months had fewer teeth than
those who breastfed for 37–72 months. Prolonged breastfeeding was generally associated
with having fewer teeth, particularly when breastfeeding for ≥37 months.
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Table 1. Characteristics of study participants according to breastfeeding duration (unweighted n = 1666).

Breastfeeding Duration (Months)
p

1–18 19–36 37–72 ≥73

Unweighted n 161 411 559 535
Age (years) 70.1 ± 0.4 c 70.1 ± 0.3 c 72.5 ± 0.2 b 75.2 ± 0.2 a <0.001
Height (cm) 151.8 ± 0.5 ab 152.8 ± 0.3 a 151.3 ± 0.3 b 149.9 ± 0.3 c <0.001
Weight (kg) 55.4 ± 0.7 bc 57.2 ± 0.5 a 56.3 ± 0.4 ab 54.7 ± 0.5 c 0.001

BMI (kg/m2) 24.0 ± 0.3 24.4 ± 0.2 24.6 ± 0.1 24.3 ± 0.2 0.199
Smoking (yes) 3.5 (1.7) 1.7 (0.7) 2.6 (0.8) 2.6 (0.7) 0.694
Drinking (yes) 23.3 (3.7) 19.2 (2.4) 20.6 (1.9) 15.2 (1.7) 0.098

Regular walking (yes) 38.7 (4.3) 37.5 (2.8) 34.7 (2.5) 23.1 (2.1) <0.001
Daily frequency of tooth

brushing
≤1 15.9 (3.3) 12.7 (2.0) 19.3 (2.1) 20.1 (1.9)

0.0102 38.0 (4.4) 52.1 (2.8) 49.7 (2.5) 47.1 (2.2)
≥3 46.0 (4.5) 35.2 (2.6) 31.0 (2.4) 32.8 (2.3)

Hypertension (yes) 48.8 (4.3) 54.6 (2.9) 56.0 (2.3) 60.9 (2.6) 0.079
Diabetes (yes) 13.5 (2.5) 16.6 (2.0) 24.0 (2.1) 22.9 (2.3) 0.006

Dyslipidemia (yes) 39.2 (4.1) 38.3 (2.6) 30.0 (2.3) 28.9 (2.3) 0.009
Stroke/myocardial infarction/

angina pectoris (yes) 15.1 (3.4) 8.3 (1.5) 12.6 (1.6) 15.2 (2.0) 0.045

Cancer (yes) 10.4 (2.6) 7.7 (1.5) 8.1 (1.4) 6.4 (1.3) 0.538
Number of chronic diseases 1

0 27.7 (4.0) 27.8 (2.4) 26.1 (2.1) 23.4 (2.1)
0.8471 35.0 (4.2) 35.7 (2.7) 35.2 (2.4) 35.7 (2.5)

≥2 37.3 (4.0) 36.5 (2.6) 38.7 (2.3) 40.9 (2.7)
Number of pregnancies 4.1 ± 0.2 d 5.0 ± 0.1 c 5.6 ± 0.1 b 6.6 ± 0.1 a <0.001

Time since last birth (years) 40.6 ± 0.7 ab 41.0 ± 0.3 b 42.0 ± 0.3 a 41.6 ± 0.3 ab 0.031
Breastfeeding duration

(months) 10.6 ± 0.4 d 30.6 ± 0.3 c 58.0 ± 0.5 b 123.9 ± 2.2 a <0.001

Data are expressed as the mean ± SE or percentage (SE). 1 The chronic diseases included hypertension, diabetes,
dyslipidemia, stroke/myocardial infarction/angina pectoris and cancer. p values were calculated using a general
linear model or the chi-square test. Different letters indicate significant differences with Bonferroni’s multiple
comparisons test (a > b > c > d).

Table 2. Number of teeth and chewing ability according to breastfeeding duration.

Breastfeeding Duration (Months)
p

1–18 19–36 37–72 ≥73

Number of teeth
0–9 14.5 (3.2) 12.8 (1.9) 24.5 (2.1) 33.8 (2.3)

<0.001
10–20 22.2 (3.6) 24.9 (2.4) 28.1 (2.2) 30.8 (2.2)
21–26 41.1 (4.5) 40.0 (2.5) 34.2 (2.3) 27.3 (2.3)
≥27 22.2 (3.5) 22.2 (2.2) 13.2 (1.6) 8.1 (1.2)

Chewing ability
Very uncomfortable 7.1 (2.0) 12.6 (1.9) 16.2 (1.9) 22.1 (2.1)

0.001
Uncomfortable 28.5 (4.0) 29.7 (2.6) 31.9 (2.3) 31.5 (2.3)

Moderate 17.7 (3.2) 20.5 (2.2) 18.3 (1.9) 14.6 (1.7)
Not uncomfortable 17.9 (3.7) 16.5 (2.2) 12.5 (1.5) 10.8 (1.4)

Not uncomfortable at all 28.9 (4.0) 20.7 (2.0) 21.1 (1.9) 21.0 (2.0)
Data are expressed as the percentage (SE). p values were calculated using the chi-square test.

Chewing ability was also significantly related to breastfeeding duration (p = 0.001).
Women with longer breastfeeding duration were more likely to report “very uncomfortable”
chewing. “Uncomfortable” chewing was slightly more common among women who breast-
fed for 37–72 or ≥73 months compared to those who breastfed for 1–18 or 19–36 months.
The longer the breastfeeding duration, the higher the likelihood of experiencing “uncom-
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fortable” chewing. Women who breastfed for 1–18 months had a higher likelihood of
chewing that was “not uncomfortable at all” compared to those who breastfed for longer.
In summary, prolonged breastfeeding was associated with poor chewing ability.

3.3. Dietary Intake According to Breastfeeding Duration

We compared nutrient and food group intake across breastfeeding duration categories
(Table 3). Significant differences were observed in the intake of fats, riboflavin, niacin, phos-
phorus, and potassium, as well as energy intake from carbohydrates and fats, depending on
breastfeeding duration. With the exception of energy intake from carbohydrates, reduced
intake of these nutrients was significantly associated with longer breastfeeding duration (all
p < 0.05). Energy intake from carbohydrates was significantly higher among women who
breastfed for ≥73 months than among those who breastfed for a shorter duration (p < 0.001).
The intake of other nutrients did not vary significantly with breastfeeding duration (all p > 0.05).
Intake of proteins, fats, riboflavin, niacin, vitamin C, calcium, phosphorus, potassium, and
energy from proteins and fats displayed a decreasing trend with longer breastfeeding duration
(all p for trend < 0.05). In contrast, there was a notable upward trend in carbohydrates-derived
energy intake with longer breastfeeding duration (p for trend < 0.001).

Table 3. Daily dietary intake according to breastfeeding duration.

Breastfeeding Duration (Months) p p for
Trend1–18 19–36 37–72 ≥73

Nutrient
Energy (kcal) 1592.1 ± 61.8 1536.3 ± 43.7 1508.0 ± 31.9 1550.3 ± 39.0 0.526 0.985

Carbohydrates (g) 286.4 ± 12.4 273.9 ± 8.6 272.7 ± 6.2 289.4 ± 7.9 0.202 0.236
Proteins (g) 51.5 ± 2.2 50.7 ± 1.6 48.3 ± 1.5 47.3 ± 1.4 0.165 0.040

Fats (g) 24.8 ± 1.6 a 24.3 ± 1.2 a 22.0 ± 1.0 a 19.0 ± 1.0 b <0.001 <0.001
Dietary fibers (g) 23.7 ± 1.3 22.4 ± 0.9 21.6 ± 0.8 21.4 ± 0.8 0.304 0.109

Vitamin A (µg RAE) 520.0 ± 62.2 578.6 ± 50.6 583.5 ± 52.5 543.7 ± 52.3 0.804 0.803
Thiamin (mg) 1.67 ± 0.07 1.54 ± 0.05 1.51 ± 0.04 1.55 ± 0.04 0.246 0.549

Riboflavin (mg) 1.01 ± 0.05 ab 1.05 ± 0.05 a 0.92 ± 0.04 bc 0.84 ± 0.03 c <0.001 <0.001
Niacin (mg) 12.3 ± 0.6 ab 12.6 ± 0.6 a 11.3 ± 0.4 bc 11.1 ± 0.4 c 0.023 0.006

Vitamin C (mg) 120.3 ± 11.3 107.9 ± 12.6 96.2 ± 6.9 92.1 ± 7.0 0.105 0.039
Calcium (mg) 411.6 ± 24.9 400.1 ± 17.9 387.7 ± 17.9 368.8 ± 16.5 0.273 0.049

Phosphorus (mg) 872.6 ± 38.2 a 832.3 ± 25.8 ab 786.9 ± 23.0 bc 767.6 ± 21.5 c 0.015 0.003
Iron (mg) 13.9 ± 1.0 15.2 ± 0.9 14.3 ± 0.8 14.8 ± 1.2 0.721 0.916

Sodium (mg) 2814.0 ± 163.4 2991.7 ± 122.8 2809.2 ± 108.2 2850.1 ± 112.6 0.611 0.681
Potassium (mg) 2980.9 ± 182.1 a 2581.3 ± 97.7 b 2509.0 ± 76.4 b 2412.8 ± 82.0 b 0.012 0.002

Carbohydrates (%) 73.0 ± 0.9 b 73.1 ± 0.7 b 74.2 ± 0.6 b 76.3 ± 0.6 a <0.001 <0.001
Proteins (%) 12.9 ± 0.3 13.2 ± 0.2 12.9 ± 0.2 12.5 ± 0.2 0.052 0.009

Fats (%) 14.0 ± 0.7 a 13.7 ± 0.5 a 12.9 ± 0.5 a 11.2 ± 0.5 b <0.001 <0.001

Food group
Grains (g) 261.2 ± 13.8 ab 260.8 ± 11.4 b 260.4 ± 8.3 b 294.2 ± 10.1 a 0.026 0.010

Potatoes (g) 79.4 ± 24.2 a 40.5 ± 9.0 ab 41.4 ± 6.8 ab 30.9 ± 6.4 b 0.020 0.005
Legumes (g) 46.3 ± 9.2 36.4 ± 4.0 35.6 ± 3.4 31.5 ± 3.8 0.407 0.094

Nuts and seeds (g) 8.1 ± 2.1 6.9 ± 1.3 5.5 ± 1.1 4.4 ± 0.9 0.206 0.033
Vegetables (g) 342.7 ± 23.1 308.0 ± 14.4 299.7 ± 13.3 305.5 ± 13.4 0.377 0.384

Mushrooms (g) 5.6 ± 1.8 3.5 ± 1.0 4.6 ± 1.5 3.6 ± 1.0 0.645 0.437
Seaweeds (g) 31.0 ± 10.1 40.4 ± 7.2 28.4 ± 6.2 21.1 ± 5.6 0.151 0.037

Fruits (g) 227.2 ± 28.8 207.6 ± 24.9 187.9 ± 15.4 177.0 ± 14.6 0.301 0.065
Meats (g) 51.2 ± 10.7 77.7 ± 12.1 76.1 ± 16.9 50.8 ± 10.4 0.116 0.144

Fish and shellfish (g) 98.2 ± 22.8 97.9 ± 10.5 96.1 ± 12.0 80.6 ± 9.7 0.475 0.142
Eggs (g) 15.9 ± 2.5 a 15.6 ± 1.9 a 14.0 ± 1.9 a 9.2 ± 1.5 b 0.007 0.001

Milk and dairy products (g) 84.2 ± 11.0 72.5 ± 9.7 63.8 ± 6.8 54.2 ± 6.3 0.050 0.007
Beverages (g) 125.3 ± 54.0 57.3 ± 15.8 39.6 ± 7.5 30.8 ± 7.6 0.307 0.069

Alcohol (g) 23.4 ± 7.9 16.0 ± 3.9 17.3 ± 4.6 19.0 ± 4.3 0.715 0.952
Oils (g) 4.2 ± 0.4 4.4 ± 0.4 4.3 ± 0.4 3.8 ± 0.4 0.581 0.213

Sugars (g) 7.1 ± 1.1 7.9 ± 1.0 8.2 ± 0.9 6.0 ± 0.7 0.156 0.045
Seasonings (g) 31.4 ± 3.7 39.5 ± 2.8 35.9 ± 2.4 37.3 ± 2.4 0.225 0.695

Total (g) 1344.8 ± 65.6 a 1232.3 ± 47.8 ab 1153.3 ± 34.1 bc 1119.9 ± 34.0 c 0.002 <0.001

Data are expressed as LSmean ± SE. p values were calculated using a general linear model after adjustment for
age, BMI, smoking, drinking, regular walking, daily frequency of tooth brushing, and number of chronic diseases.
Different letters indicate significant differences with Bonferroni’s multiple comparisons test (a > b > c). p for trend
were calculated using a general linear model after adjustment for aforementioned potential confounders.
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Intake of several food groups significantly varied with breastfeeding duration. Sig-
nificant negative associations were found for potatoes, eggs, and total food intake with
breastfeeding duration (p = 0.020, = 0.007, and = 0.002, respectively). Additionally, a signifi-
cant association was observed for grains (p = 0.026). Women who breastfed for ≥73 months
showed a significantly higher intake of grains compared to those who breastfed for 19–36
or 37–72 months. No significant differences were noted for the other food groups. Intake
of potatoes, nuts and seeds, seaweeds, eggs, milk and dairy products, sugars, and total
food tended to decrease with increasing breastfeeding duration (all p for trend <0.05).
Furthermore, there was an increasing trend in grains intake with longer breastfeeding
duration (p for trend = 0.010).

We examined whether the INQ is affected by breastfeeding duration (Table S1). There
were significant inverse associations of INQ values for proteins, riboflavin, niacin, and
phosphorus with breastfeeding duration (p = 0.019, = 0.003, = 0.006, and = 0.001, respec-
tively). Women who breastfed for longer tended to have lower INQ for proteins, riboflavin,
niacin, calcium, and phosphorus, as well as the mean INQ (all p for trend < 0.05). When
considering INQ, only women who breastfed for 37–72 and ≥73 months had insufficient
protein and vitamin C intake. Insufficient vitamin A intake was observed among all women,
except for those who breastfed for 37–72 months. Intake of thiamin, phosphorus, iron, and
overall nutrients was sufficient regardless of breastfeeding duration. However, intake of
riboflavin, niacin, and calcium was insufficient in all groups. In summary, women who
breastfed for longer were more likely to have lower dietary intake for several nutrients and
food groups. Conversely, intake of carbohydrates-derived energy and grains appeared to
be higher in those breastfeeding for longer periods.

3.4. Risk of Tooth Loss, Chewing Difficulty, and Undernutrition According to
Breastfeeding Duration

We analyzed the risk of tooth loss, chewing difficulty, tooth loss/chewing difficulty,
and undernutrition according to breastfeeding duration (Figure 3). The risk of tooth loss
among women who breastfed for 19–36 months was not significantly different from that
of women who breastfed for 1–18 months after adjustment for potential confounders
(OR = 1.16, 95% CI = 0.69–1.94). However, when compared to those who breastfed for
1–18 months, women who breastfed for 37–72 or≥73 months were significantly more likely
to experience tooth loss (OR = 1.79, 95% CI = 1.08–2.94; OR = 1.86, 95% CI = 1.16–2.97,
respectively). Furthermore, as breastfeeding duration increased, there was an increasing
trend in the risk of tooth loss (p for trend = 0.004). Similar results were observed for chewing
difficulty, tooth loss/chewing difficulty, and undernutrition risk.

3.5. Risk of Undernutrition According to Tooth Loss/Chewing Difficulty, Stratified by
Breastfeeding Duration

We investigated whether the relationship between tooth loss/chewing difficulty and
undernutrition risk varies with breastfeeding duration. Breastfeeding duration was divided
into 1–36 and ≥37 months, given that those breastfeeding for 37–72 or ≥73 months were at
a higher risk of tooth loss, chewing difficulty, tooth loss/chewing difficulty, and undernu-
trition. We explored whether there is association between tooth loss/chewing difficulty
and undernutrition risk among them. Tooth loss/chewing difficulty was associated with
undernutrition risk only among women who breastfed for ≥37 months after adjustment
for potential confounders (OR = 1.92, 95% CI = 1.21–3.02) (Table 4). We did not find any
interaction effect of tooth loss/chewing difficulty and breastfeeding duration on the risk
for undernutrition (p = 0.712).
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Figure 3. Odds ratio (OR) and 95% confidence interval (95% CI) for tooth loss 1, chewing difficulty 2,
tooth loss/chewing difficulty 3, and undernutrition 4 according to breastfeeding duration. 1 Number
of teeth ≤ 16; 2 “very uncomfortable” or “uncomfortable” chewing ability; 3 at least one of tooth loss
(number of teeth ≤ 16) and chewing difficulty (“very uncomfortable” or “uncomfortable” chewing
ability); 4 mean of proteins, vitamin A, thiamin, riboflavin, niacin, vitamin C, calcium, phosphorous,
and iron INQs (index of nutritional qualities) < 0.75. ORs and 95% CIs were calculated using
logistic regression analysis after adjustment for age, BMI, smoking, drinking, regular walking, daily
frequency of tooth brushing, and number of chronic diseases. p for trend were calculated using
logistic regression analysis after adjustment for aforementioned potential confounders.

Table 4. Odds ratio (OR) and 95% confidence interval (95% CI) for undernutrition 1 according to
tooth loss/chewing difficulty 2, stratified by breastfeeding duration.

Tooth Loss/
Chewing Difficulty

Breastfeeding Duration (Months) p for
Interaction

1–36 ≥37

OR 95% CI OR 95% CI

No 1 1
0.712Yes 1.74 0.79–3.84 1.92 1.21–3.02

1 Mean of proteins, vitamin A, thiamin, riboflavin, niacin, vitamin C, calcium, phosphorous, and iron INQs (index
of nutritional qualities) < 0.75; 2 at least one of tooth loss (number of teeth ≤ 16) and chewing difficulty (“very
uncomfortable” or “uncomfortable” chewing ability). ORs and 95% CIs were calculated using logistic regression
analysis after adjustment for age, BMI, smoking, drinking, regular walking, daily frequency of tooth brushing, and
number of chronic diseases. p for interaction were calculated using logistic regression analysis after adjustment
for aforementioned potential confounders.
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3.6. Mediating Effect of Tooth Loss/Chewing Difficulty on the Association between Breastfeeding
Duration and Undernutrition Risk

Given the above results, we examined the mediating effect of tooth loss/chewing
difficulty on the association between breastfeeding duration and undernutrition risk af-
ter dividing breastfeeding duration into 1–36 and ≥37 months. Using the Baron and
Kenny method, four logistic regression analyses were conducted, adjusting for all poten-
tial confounders (Table 5). Compared to women who breastfed for 1–36 months, those
who breastfed for ≥37 months had a significantly elevated risk of tooth loss/chewing
difficulty (path a) (OR = 1.48, 95% CI = 1.14–1.92) and undernutrition (path c) (OR = 1.63,
95% CI = 1.09–2.46). Women with tooth loss/chewing difficulty had a significantly higher
undernutrition risk compared to those without tooth loss/chewing difficulty (path b)
(OR = 1.89, 95% CI = 1.29–2.77). After adjusting for tooth loss/chewing difficulty, the
association between breastfeeding duration and undernutrition risk was weakened (path
c’) (OR = 1.57, 95% CI = 1.04–2.37), although it remained statistically significant, suggesting
that this association was partially mediated (9.5%) by tooth loss/chewing difficulty. We
conducted the Sobel test to examine whether tooth loss/chewing difficulty has a significant
mediating effect on the association between breastfeeding duration and undernutrition risk.
The results showed a significant partial mediating effect of tooth loss/chewing difficulty
(z = 2.167, p = 0.030).

Table 5. Mediating effect of tooth loss/chewing difficulty 1 on the association between breastfeeding
duration 2 and undernutrition 3 risk.

Beta SE OR 95% CI p Sobel Test
Z (p)

Path c Breastfeeding duration→ Undernutrition 0.490 0.209 1.63 1.09–2.46 0.019
2.167

(0.030)
Path a Breastfeeding duration→ Tooth loss/chewing difficulty 0.390 0.134 1.48 1.14–1.92 0.004
Path c’ Breastfeeding duration→ Undernutrition 0.448 0.211 1.57 1.04–2.37 0.033
Path b Tooth loss/chewing difficulty→ Undernutrition 0.636 0.196 1.89 1.29–2.77 0.001

1 At least one of tooth loss (number of teeth≤ 16) and chewing difficulty (“very uncomfortable” or “uncomfortable”
chewing ability); 2 breastfeeding for ≥ 37 months vs. 1–36 months; 3 mean of proteins, vitamin A, thiamin,
riboflavin, niacin, vitamin C, calcium, phosphorous, and iron INQs (index of nutritional qualities) < 0.75. OR, odds
ratio; 95% CI, 95% confidence interval. Path c, breastfeeding duration was regressed on undernutrition risk; path
a, breastfeeding duration was regressed on tooth loss/chewing difficulty; respective paths c’ and b, breastfeeding
duration and tooth loss/chewing difficulty were simultaneously regressed on undernutrition risk. ORs and 95%
CIs were calculated using logistic regression analysis after adjustment for age, BMI, smoking, drinking, regular
walking, daily frequency of tooth brushing, and number of chronic diseases.

4. Discussion

This study found that breastfeeding duration is positively associated with the risk of
tooth loss, chewing difficulty, and undernutrition among older Korean women, particularly
those who breastfed for ≥37 months. Among women who breastfed for ≥37 months, the
presence of tooth loss or chewing difficulty was associated with a higher undernutrition
risk. Furthermore, the association between breastfeeding duration and undernutrition risk
was partially mediated by tooth loss and chewing difficulty.

Our results demonstrated that prolonged breastfeeding is associated with having
fewer teeth among older women, particularly if they had breastfed for ≥37 months. These
results are in agreement with those of Han et al. [18] as described in Introduction. Recovery
of bone loss after weaning is less likely to occur for alveolar bone, which could result in
tooth loss among women who breastfed for longer durations. Nevertheless, few studies
have investigated this issue. Additional animal and human studies are warranted to assess
the association between breastfeeding and tooth loss. The current study demonstrated
that older women who breastfed for a prolonged duration, particularly ≥37 months, had
poor chewing ability. This relationship might be explained by the association between
breastfeeding for ≥37 months and having fewer teeth, as well as the importance of tooth
retention for chewing ability [19].
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Although potential confounders were adjusted, residual confounding might still be
present to influence the link between breastfeeding duration and tooth loss risk. Age,
regular walking, daily frequency of tooth brushing, and presence of diabetes differed
by breastfeeding duration in our study. These variables have been known to influence
tooth loss risk as follows: Among older adults in rural Colorado, the risk for losing teeth
≥6 increases with increasing age [54]. The authors interpreted the result could be due to
accumulated oral disease for life. A systematic review and meta-analysis of observational
studies [55] demonstrated that physical activity is connected to lower prevalence of peri-
odontal disease. Periodontal disease is a chronic inflammatory condition, characterized
by alveolar bone loss [56]. Physical activity regulates cytokines including C-reactive pro-
tein [57]. Tooth brushing less than twice a day and elevated fasting blood glucose level are
related to losing teeth > 8 in general population of Poland [58]. Tooth brushing is required
to prevent and not to worsen dental caries and periodontal disease. These conditions are
primary causes of tooth loss in adults [59]. And a possible explanation for latter is an
inter-relationship between diabetes mellitus and periodontal disease [60].

In this study, women with prolonged breastfeeding had a reduced dietary intake.
The breastfeeding duration was negatively associated with the intake of proteins, fats,
riboflavin, niacin, vitamin C, calcium, phosphorus, potassium, and energy from proteins
and fats. Conversely, it was positively associated with carbohydrates-derived energy
intake. Furthermore, women who breastfed for longer periods of time had a lower intake
of potatoes, nuts and seeds, seaweeds, eggs, milk and dairy products, sugars, and total
food. In contrast, grains intake demonstrated the opposite results. Prolonged breastfeeding
was associated with lower intake of several food groups, with textures ranging from soft
to hard. Chewing not only breaks down food but also mixes it with saliva to form a
bolus for swallowing [19,61]. Therefore, the number of teeth and chewing ability can
influence the selection of difficult- and easy-to-cut food, as well as foods that require
little or no cutting. It is plausible that women with longer breastfeeding durations have
fewer teeth and poor chewing ability, leading to reduced intake for multiple food groups,
regardless of their textures, and an overall decline in nutrient intake. Conversely, women
with prolonged breastfeeding showed an increased intake of grains, which could be a
compensatory mechanism to make up for the lower intake of several food groups. And
this might contribute to higher intake of carbohydrates-derived energy among them. Our
results are in line with those of previous studies that have reported that individuals with
fewer teeth or impaired chewing ability have reduced intake of nutrients and certain food
groups, with some exceptions [20,21]. However, nutrients or food groups that exhibit lower
or higher intake among individuals with fewer teeth or poor chewing ability have differed
between studies. These discrepancies can be attributed to differences among studies in
design, populations, the methods used to assess the number of teeth and chewing ability,
and the dietary assessment methods. Additionally, we investigated the association between
breastfeeding duration and the risk of undernutrition, defined by the INQ. We observed
an increasing risk of undernutrition with longer breastfeeding duration, which may be
attributed to lower nutrient intake. Women who breastfed for ≥37 months had a higher
undernutrition risk compared to those who breastfed for 1–18 months. This may be because
the likelihood of experiencing tooth loss and chewing difficulty increased only among those
who breastfed for ≥37 months. Chewing is the first step in the digestive process in which
food is crushed with the use of teeth to allow easy and safe swallowing [19,61]. And taste,
flavor, and texture of food as well as auditory information of crispy products are perceived
during chewing and affect food appreciation [62]. Thus, the reduced number of teeth and
impaired chewing ability could influence the undernutrition risk due to changed dietary
intake. This hypothesis is supported by evidence from previous studies [20,21].

Dietary intake may change after prolonged breastfeeding due to factors other than
the number of teeth and chewing ability. In traditional Korean culture, mothers are often
advised to avoid eating certain foods during breastfeeding, although there is no scientific
evidence to support these recommendations. They commonly avoid consuming caffeine,
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spicy foods, raw foods, cold foods, and sikhye (a traditional sweet Korean rice beverage)
during breastfeeding [63]. Korean often use red pepper powder (a Korean chili-based
product) making foods. This product is a major ingredient in Korean spicy foods [64].
Therefore, decrease in overall dietary intake could be caused by spicy foods restriction in
Korea. For women who breastfeed for prolonged periods, these modified dietary habits
during breastfeeding can persist throughout their lives. It is plausible that prolonged
breastfeeding leads to altered dietary intake due to unnecessary self-restriction of certain
foods among older Korean women. On the other hand, there could be a bidirectional
association between the number of teeth, chewing ability, and nutritional status. While the
number of teeth and chewing ability could modify nutritional status [20,21], the reverse
may also be true. Based on the INQ, only women who breastfed for ≥37 months had
insufficient vitamin C intake. A systematic review by Tada and Miura [65] demonstrated
that vitamin C reduces the risk of periodontal disease. Two case–control studies have
shown that patients with periodontitis have lower dietary intake and blood levels of
vitamin C compared to controls [66,67]. Moreover, two cohort studies demonstrated
that individuals with lower dietary intake or blood levels of vitamin C have a higher
likelihood of periodontal disease [68,69]. Vitamin C administration improves periodontal
parameters in two randomized controlled trials [70,71]. Taken together, it is possible that
insufficient vitamin C intake in women engaged in prolonged breastfeeding contributes to
their lower number of teeth and worse chewing ability, as they might be at a higher risk for
periodontal disease.

In this study, we examined whether the undernutrition risk is influenced by the
presence of tooth loss or chewing difficulty, following stratification by two categories
of breastfeeding duration (1–36 and ≥37 months). Tooth loss and chewing difficulty
were associated with a higher likelihood of undernutrition in women who breastfed for
≥37 months. Furthermore, we investigated whether the presence of tooth loss or chewing
difficulty mediates the relationship between breastfeeding duration and undernutrition risk.
We found that tooth loss and chewing difficulty partially mediate the association between
breastfeeding duration and undernutrition risk, suggesting that the prevention of tooth
loss and chewing difficulty can reduce the risk for breastfeeding-associated undernutrition
in older women. Therefore, efforts should be made to maintain good oral health, including
having more teeth and ensuring good chewing ability, for older Korean women who
breastfeed for ≥37 months to prevent undernutrition.

The current study had certain limitations. First, data from KNHANES were cross-
sectional. Therefore, it is impossible to determine a causal relationship. Second, self-
reported breastfeeding duration was recorded, which might have introduced recall bias.
Third, chewing ability was evaluated based on participants’ self-reports, which might
be less accurate than objective clinical examinations of chewing ability. Fourth, dietary
assessment based on a single 24 h recall might not accurately reflect the typical dietary
intake. Lastly, our results should be interpreted with some caution. Many of older Korean
women are likely to have unusually prolonged breastfeeding duration. Therefore, the
association between breastfeeding duration and the risk for tooth loss, chewing difficulty
and undernutrition could not be found in other populations. However, this study also
had certain strengths. This is the first study to evaluate the association between breast-
feeding duration and risk of tooth loss among older women. And no previous study has
investigated the relationships between breastfeeding duration with the risk of chewing
difficulty and undernutrition. Furthermore, we assessed the mediating effects of tooth
loss and chewing difficulty on the association between the breastfeeding duration and
undernutrition risk. Further studies are needed to replicate our results.

5. Conclusions

Prolonged breastfeeding is associated with a higher risk of tooth loss, chewing dif-
ficulty, and undernutrition among older Korean women, particularly if they breastfed
for ≥37 months. Among women who breastfed for ≥37 months, tooth loss and chew-
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ing difficulty are related to undernutrition risk. Furthermore, the association between
breastfeeding duration and undernutrition risk is mediated by tooth loss and chewing
difficulty. Interventions aimed at improving the number of teeth and chewing ability can
in turn improve the nutritional status among older Korean women who have breastfed for
≥37 months.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15245024/s1, Table S1: Index of nutritional quality (INQ)
according to breastfeeding duration.

Author Contributions: Conceptualization, Y.R.J. and H.-S.L.; formal analysis, Y.R.J.; writing—
original draft preparation, Y.R.J.; writing—review and editing, Y.R.J. and H.-S.L.; supervision, Y.K.P.
and H.-S.L. All authors have read and agreed to the published version of the manuscript.

Funding: Korea Institute of Planning and Evaluation for Technology in Food, Agriculture and
Forestry (IPET) through High Value-added Food Technology Development Program funded by the
Ministry of Agriculture, Food and Rural Affairs (MAFRA) (grant number 322010-5).

Institutional Review Board Statement: The study protocols were approved by the Institutional
Review Board (IRB) of the Korea Centers for Disease Control and Prevention (IRB approval numbers:
2013–07CON-03-4C and 2013-12EXP-03-5C). KNHANES (Korea National Health and Nutrition
Examination Survey) was exempt from review regarding research ethics based on the Bioethics and
Safety Act in 2015.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available from the KNHANES website.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Westerfield, K.L.; Koenig, K.; Oh, R. Breastfeeding: Common questions and answers. Am. Fam. Physician 2018, 98, 368–373.

[PubMed]
2. Kovacs, C.S. Calcium and bone metabolism during pregnancy and lactation. J. Mammary Gland. Biol. Neoplasia 2005, 10, 105–118.

[CrossRef] [PubMed]
3. More, C.; Bettembuk, P.; Bhattoa, H.P.; Balogh, A. The effects of pregnancy and lactation on bone mineral density. Osteoporos. Int.

2001, 12, 732–737. [CrossRef] [PubMed]
4. Sowers, M.; Eyre, D.; Hollis, B.W.; Randolph, J.F.; Shapiro, B.; Jannausch, M.L.; Crutchfield, M. Biochemical markers of bone

turnover in lactating and nonlactating postpartum women. J. Clin. Endocrinol. Metab. 1995, 80, 2210–2216. [CrossRef]
5. Affinito, P.; Tommaselli, G.A.; di Carlo, C.; Guida, F.; Nappi, C. Changes in bone mineral density and calcium metabolism in

breastfeeding women: A one year follow-up study. J. Clin. Endocrinol. Metab. 1996, 81, 2314–2318. [CrossRef]
6. Athonvarangkul, D.; Wysolmerski, J.J. Crosstalk within a brain-breast-bone axis regulates mineral and skeletal metabolism during

lactation. Front. Physiol. 2023, 14, 1121579. [CrossRef]
7. Kovacs, C.S. Maternal mineral and bone metabolism during pregnancy, lactation, and post-weaning recovery. Physiol. Rev. 2016,

96, 449–547. [CrossRef]
8. Martin, T.J. Osteoblast-derived PTHrP is a physiological regulator of bone formation. J. Clin. Investig. 2005, 115, 2322–2324.

[CrossRef]
9. Park, J.H.; Lee, N.K.; Lee, S.Y. Current understanding of RANK signaling in osteoclast differentiation and maturation. Mol. Cells

2017, 40, 706–713. [CrossRef]
10. López, J.M.; González, G.; Reyes, V.; Campino, C.; Díaz, S. Bone turnover and density in healthy women during breastfeeding

and after weaning. Osteoporos. Int. 1996, 6, 153–159. [CrossRef]
11. Ardeshirpour, L.; Dann, P.; Adams, D.J.; Nelson, T.; VanHouten, J.; Horowitz, M.C.; Wysolmerski, J.J. Weaning triggers a decrease

in receptor activator of nuclear factor-kappaB ligand expression, widespread osteoclast apoptosis, and rapid recovery of bone
mass after lactation in mice. Endocrinology 2007, 148, 3875–3886. [CrossRef] [PubMed]

12. Grizzo, F.M.F.; Alarcão, A.C.J.; Dell’ Agnolo, C.M.; Pedroso, R.B.; Santos, T.S.; Vissoci, J.R.N.; Pinheiro, M.M.; Carvalho, M.D.B.;
Pelloso, S.M. How does women’s bone health recover after lactation? A systematic review and meta-analysis. Osteoporos. Int.
2020, 31, 413–427. [CrossRef] [PubMed]

13. Hughes, F.J. Periodontium and periodontal disease. In Stem Cell Biology and Tissue Engineering in Dental Sciences; Academic Press:
Cambridge, MA, USA, 2015; pp. 433–444. [CrossRef]

14. Gorrel, C.; Andersson, S.; Verhaert, L. Anatomy of the teeth and periodontium. In Veterinary Dentistry for the General Practitioner,
2nd ed.; Saunders Ltd.: London, UK, 2013; pp. 37–41. [CrossRef]

https://www.mdpi.com/article/10.3390/nu15245024/s1
https://www.mdpi.com/article/10.3390/nu15245024/s1
https://www.ncbi.nlm.nih.gov/pubmed/30215910
https://doi.org/10.1007/s10911-005-5394-0
https://www.ncbi.nlm.nih.gov/pubmed/16025218
https://doi.org/10.1007/s001980170048
https://www.ncbi.nlm.nih.gov/pubmed/11605738
https://doi.org/10.1210/jcem.80.7.7608281
https://doi.org/10.1210/jcem.81.6.8964870
https://doi.org/10.3389/fphys.2023.1121579
https://doi.org/10.1152/physrev.00027.2015
https://doi.org/10.1172/JCI26239
https://doi.org/10.14348/molcells.2017.0225
https://doi.org/10.1007/BF01623940
https://doi.org/10.1210/en.2006-1467
https://www.ncbi.nlm.nih.gov/pubmed/17495007
https://doi.org/10.1007/s00198-019-05236-8
https://www.ncbi.nlm.nih.gov/pubmed/31897544
https://doi.org/10.1016/b978-0-12-397157-9.00038-2
https://doi.org/10.1016/B978-0-7020-4943-9.00009-0


Nutrients 2023, 15, 5024 15 of 17

15. Shoji, K.; Ohtsuka-Isoya, M.; Horiuchi, H.; Shinoda, H. Bone mineral density of alveolar bone in rats during pregnancy and
lactation. J. Periodontol. 2000, 71, 1073–1078. [CrossRef]

16. Shoji, K.; Ohtsuka-Isoya, M.; Shimauchi, H.; Shinoda, H. Effects of lactation on alveolar bone loss in experimental periodontitis.
J. Periodontol. 2007, 78, 152–156. [CrossRef]

17. Omi, M.; Mishina, Y. Role of osteoclasts in oral homeostasis and jawbone diseases. Oral Sci. Int. 2020, 18, 14–27. [CrossRef]
[PubMed]

18. Han, K.; Ko, Y.; Park, Y.G.; Park, J.B. Associations between the number of natural teeth in postmenopausal women and duration
of lactation: The 2010–2012 Korea National Health and Nutrition Examination Survey. Maturitas 2016, 85, 73–78. [CrossRef]
[PubMed]

19. Hatch, J.P.; Shinkai, R.S.; Sakai, S.; Rugh, J.D.; Paunovich, E.D. Determinants of masticatory performance in dentate adults. Arch.
Oral Biol. 2001, 46, 641–648. [CrossRef] [PubMed]

20. Nakamura, M.; Ojima, T.; Nagahata, T.; Kondo, I.; Ninomiya, T.; Yoshita, K.; Arai, Y.; Ohkubo, T.; Murakami, K.; Nishi, N.; et al.
Having few remaining teeth is associated with a low nutrient intake and low serum albumin levels in middle-aged and older
Japanese individuals: Findings from the NIPPON DATA2010. Environ. Health Prev. Med. 2019, 24, 1. [CrossRef]

21. Motokawa, K.; Mikami, Y.; Shirobe, M.; Edahiro, A.; Ohara, Y.; Iwasaki, M.; Watanabe, Y.; Kawai, H.; Kera, T.; Obuchi, S.; et al.
Relationship between chewing ability and nutritional status in Japanese older adults: A cross-sectional study. Int. J. Environ. Res.
Public Health 2021, 18, 1216. [CrossRef]

22. World Health Organization. Breastfeeding. Available online: https://www.who.int/health-topics/breastfeeding#tab=tab_2
(accessed on 6 November 2023).

23. Taylor, J. North American Culture: Undermining Breastfeeding. Available online: https://www.contemporaryobgyn.net/view/
north-american-culture-undermining-breastfeeding (accessed on 6 November 2023).

24. Martinez, G.A.; Dodd, D.A. 1981 milk feeding patterns in the United States during the first 12 months of life. Pediatrics 1983, 71,
166–170. [CrossRef]

25. Windsor, J.E. Korean women & breastfeeding. AWHONN Lifelines 2003, 7, 61–64. [CrossRef]
26. Sung, Y.A.; Ahn, J.Y.; Lee, H.Y.; Kim, J.Y.; Ahn, D.H.; Hong, Y.J. A survey of breast-feeding. J. Korean Pediatr. Soc. 1998, 41, 444–450.
27. Kweon, S.; Kim, Y.; Jang, M.J.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.H.; Oh, K. Data resource profile: The Korea National

Health and Nutrition Examination Survey (KNHANES). Int. J. Epidemiol. 2014, 43, 69–77. [CrossRef]
28. Korea Disease Control and Prevention Agency. Available online: https://knhanes.kdca.go.kr/knhanes/eng/index.do (accessed

on 6 November 2023).
29. Kim, H.S. Metabolic syndrome related health inequalities in Korean elderly: Korean National Health and Nutrition Examination

Survey (KNHAES). Int. J. Equity Health 2014, 13, 463. [CrossRef]
30. Kim, J.Y.; Kim, D.H.; Kim, Y.H.; Shin, H.Y. Associations of breastfeeding duration and reproductive factors with sarcopenia in

elderly Korean women: A cross-sectional study from the Korea National Health and Nutrition Examination Survey 2010–2011.
Korean J. Fam. Med. 2019, 40, 165–170. [CrossRef]

31. Seo, Y.H.; Shin, H.Y. Relationship between hs-CRP and HbA1c in diabetes mellitus patients: 2015–2017 Korean National Health
and Nutrition Examination Survey. Chonnam Med. J. 2021, 57, 62–67. [CrossRef]

32. Yang, H.J.; Park, S.; Yoon, T.Y.; Ryoo, J.H.; Park, S.K.; Jung, J.Y.; Lee, J.H.; Oh, C.M. Nationwide changes in physical activity,
nutrient intake, and obesity in South Korea during the COVID-19 pandemic era. Front. Endocrinol. 2022, 13, 965842. [CrossRef]

33. Lee, S.K.; Hwang, S.Y. Oral health in adults with coronary artery disease and its risk factors: A comparative study using the
Korea National Health and Nutrition Examination Survey data. BMC Cardiovasc. Disord. 2021, 21, 71. [CrossRef]

34. da Silveira, D.L.; da Rosa Carlos Monteiro, L.E.; da Silva Christofoli, C.; Schaan, B.D.; Telo, G.H. Number of teeth lost on diet
quality and glycemic control in patients with type 2 diabetes mellitus. Arch. Endocrinol. Metab. 2022, 66, 40–49. [CrossRef]

35. Yamato, M.; Matsuyama, S.; Murakami, Y.; Aida, J.; Lu, Y.; Sugawara, Y.; Tsuji, I. Association between the number of remaining
teeth and disability-free life expectancy, and the impact of oral self-care in older Japanese adults: A prospective cohort study.
BMC Geriatr. 2022, 22, 820. [CrossRef]

36. Hashimoto, H.; Hashimoto, S.; Shimazaki, Y. Relationship between tooth loss and the medications used for the treatment of
rheumatoid arthritis in Japanese patients with rheumatoid arthritis: A cross-sectional study. J. Clin. Med. 2021, 10, 876. [CrossRef]

37. Lawrence, H.P.; Garcia, R.I.; Essick, G.K.; Hawkins, R.; Krall, E.A.; Spiro, A., 3rd; Vokonas, P.S.; Kong, L.; King, T.; Koch, G.G.
A longitudinal study of the association between tooth loss and age-related hearing loss. Spec. Care Dent. 2001, 21, 129–140.
[CrossRef]

38. Kim, M.J. Food consumption frequency of Korean adults based on whether or not having chewing difficulty using 2013–2016
KNHANES by sex-stratified comparative analysis. Nutr. Res. Pract. 2020, 14, 637–653. [CrossRef]

39. The Korean Nutrition Society. Dietary Reference Intakes for Koreans 2020; Ministry of Health and Welfare: Sejong, Republic of Korea;
The Korean Nutrition Society: Seoul, Republic of Korea, 2020.

40. Sorenson, A.W.; Wyse, B.W.; Wittwer, A.J.; Hansen, R.G. An index of nutritional quality for a balanced diet. New help for an old
problem. J. Am. Diet. Assoc. 1976, 68, 236–242. [CrossRef]

41. Won, M.S.; Kim, S.; Yang, Y.J. Comparison of health status and nutrient intake between depressed women and non-depressed
women: Based on the 2013 Korea National Health and Nutrition Examination Survey. Clin. Nutr. Res. 2016, 5, 112–125. [CrossRef]

https://doi.org/10.1902/jop.2000.71.7.1073
https://doi.org/10.1902/jop.2007.060037
https://doi.org/10.1002/osi2.1078
https://www.ncbi.nlm.nih.gov/pubmed/34220275
https://doi.org/10.1016/j.maturitas.2015.12.010
https://www.ncbi.nlm.nih.gov/pubmed/26857883
https://doi.org/10.1016/S0003-9969(01)00023-1
https://www.ncbi.nlm.nih.gov/pubmed/11369319
https://doi.org/10.1186/s12199-018-0752-x
https://doi.org/10.3390/ijerph18031216
https://www.who.int/health-topics/breastfeeding#tab=tab_2
https://www.contemporaryobgyn.net/view/north-american-culture-undermining-breastfeeding
https://www.contemporaryobgyn.net/view/north-american-culture-undermining-breastfeeding
https://doi.org/10.1542/peds.71.2.166
https://doi.org/10.1177/1091592303251721
https://doi.org/10.1093/ije/dyt228
https://knhanes.kdca.go.kr/knhanes/eng/index.do
https://doi.org/10.1186/s12939-014-0097-z
https://doi.org/10.4082/kjfm.17.0084
https://doi.org/10.4068/cmj.2021.57.1.62
https://doi.org/10.3389/fendo.2022.965842
https://doi.org/10.1186/s12872-021-01878-x
https://doi.org/10.20945/2359-3997000000429
https://doi.org/10.1186/s12877-022-03541-2
https://doi.org/10.3390/jcm10040876
https://doi.org/10.1111/j.1754-4505.2001.tb00242.x
https://doi.org/10.4162/nrp.2020.14.6.637
https://doi.org/10.1016/S0002-8223(21)06349-5
https://doi.org/10.7762/cnr.2016.5.2.112


Nutrients 2023, 15, 5024 16 of 17

42. Seo, E.-H. Survey on body image perception, dietary habits and nutrient intakes according to interest level in health of female
university students in Gyeongnam area. Korean J. Food Nutr. 2015, 28, 281–294. [CrossRef]

43. Kwon, Y.J.; Lee, J.W.; Kang, H.T. Secular trends in lipid profiles in Korean adults based on the 2005–2015 KNHANES. Int. J.
Environ. Res. Public Health 2019, 16, 2555. [CrossRef]

44. Huh, Y.; Kim, Y.N.; Kim, Y.S. Trends and determinants in breastfeeding among Korean women: A nationwide population-based
study. Int. J. Environ. Res. Public Health 2021, 18, 13279. [CrossRef]

45. Baek, J.Y.; Lee, E.; Jung, H.W.; Jang, I.Y. Geriatrics fact sheet in Korea 2021. Ann. Geriatr. Med. Res. 2021, 25, 65–71. [CrossRef]
46. Bomfim, R.A.; Cascaes, A.M.; de Oliveira, C. Multimorbidity and tooth loss: The Brazilian National Health Survey, 2019. BMC

Public Health 2021, 21, 2311. [CrossRef]
47. Hag Mohamed, S.; Sabbah, W. Is tooth loss associated with multiple chronic conditions? Acta Odontol. Scand. 2023, 81, 443–448.

[CrossRef]
48. Oh, N.-G.; Seo, J.-S. Health and nutrition status of elderly people with multimorbidity: A Korea National Health and Nutrition

Examination Survey (2013~2015). Korean J. Community Nutr. 2020, 25, 502–511. [CrossRef]
49. Ley, S.H.; Chavarro, J.E.; Li, M.; Bao, W.; Hinkle, S.N.; Wander, P.L.; Rich-Edwards, J.; Olsen, S.; Vaag, A.; Damm, P.; et al. Lactation

duration and long-term risk for incident type 2 diabetes in women with a history of gestational diabetes mellitus. Diabetes Care
2020, 43, 793–798. [CrossRef]

50. Baron, R.M.; Kenny, D.A. The moderator-mediator variable distinction in social psychological research: Conceptual, strategic,
and statistical considerations. J. Pers. Soc. Psychol. 1986, 51, 1173–1182. [CrossRef]

51. Diez-Fernandez, A.; Sanchez-Lopez, M.; Mora-Rodriguez, R.; Notario-Pacheco, B.; Torrijos-Nino, C.; Martinez-Vizcaino, V.
Obesity as a mediator of the influence of cardiorespiratory fitness on cardiometabolic risk: A mediation analysis. Diabetes Care
2014, 37, 855–862. [CrossRef]

52. Gunzler, D.; Chen, T.; Wu, P.; Zhang, H. Introduction to mediation analysis with structural equation modeling. Shanghai Arch.
Psychiatry 2013, 25, 390–394. [CrossRef]

53. Williams, E.D.; Tapp, R.J.; Magliano, D.J.; Shaw, J.E.; Zimmet, P.Z.; Oldenburg, B.F. Health behaviours, socioeconomic status and
diabetes incidence: The Australian Diabetes Obesity and Lifestyle Study (AusDiab). Diabetologia 2010, 53, 2538–2545. [CrossRef]

54. Tiwari, T.; Scarbro, S.; Bryant, L.L.; Puma, J. Factors associated with tooth loss in older adults in rural Colorado. J. Community
Health 2016, 41, 476–481. [CrossRef]

55. Ferreira, R.O.; Correa, M.G.; Magno, M.B.; Almeida, A.; Fagundes, N.C.F.; Rosing, C.K.; Maia, L.C.; Lima, R.R. Physical activity
reduces the prevalence of periodontal disease: Systematic review and meta-analysis. Front. Physiol. 2019, 10, 234. [CrossRef]

56. Michaud, D.S.; Fu, Z.; Shi, J.; Chung, M. Periodontal disease, tooth loss, and cancer risk. Epidemiol. Rev. 2017, 39, 49–58. [CrossRef]
[PubMed]

57. Fernandes, R.A.; Ritti-Dias, R.M.; Balagopal, P.B.; Conceicao, R.D.O.; Santos, R.D.; Cucato, G.G.; Bittencourt, M.S. Self-initiated
physical activity is associated with high sensitivity C-reactive protein: A longitudinal study in 5030 adults. Atherosclerosis 2018,
273, 131–135. [CrossRef]

58. Gabiec, K.; Baginska, J.; Laguna, W.; Rodakowska, E.; Kaminska, I.; Stachurska, Z.; Dubatowka, M.; Kondraciuk, M.; Kaminski,
K.A. Factors associated with tooth loss in general population of Bialystok, Poland. Int. J. Environ. Res. Public Health 2022, 19, 2369.
[CrossRef]

59. Consumer Guide to Dentistry. Causes and Consequences of Tooth Loss. Available online: https://www.yourdentistryguide.
com/tooth-loss/ (accessed on 6 November 2023).

60. Paunica, I.; Giurgiu, M.; Dumitriu, A.S.; Paunica, S.; Pantea Stoian, A.M.; Martu, M.A.; Serafinceanu, C. The bidirectional
relationship between periodontal disease and diabetes mellitus—A review. Diagnostics 2023, 13, 681. [CrossRef] [PubMed]

61. Mishellany, A.; Woda, A.; Labas, R.; Peyron, M.A. The challenge of mastication: Preparing a bolus suitable for deglutition.
Dysphagia 2006, 21, 87–94. [CrossRef] [PubMed]

62. Pereira, L.J.; van der Bilt, A. The influence of oral processing, food perception and social aspects on food consumption: A review.
J. Oral Rehabil. 2016, 43, 630–648. [CrossRef] [PubMed]

63. Jeong, G.; Park, S.W.; Lee, Y.K.; Ko, S.Y.; Shin, S.M. Maternal food restrictions during breastfeeding. Korean J. Pediatr. 2017, 60,
70–76. [CrossRef] [PubMed]

64. Cho, H.; Kwon, Y. Development of a database of capsaicinoid contents in foods commonly consumed in Korea. Food Sci. Nutr.
2020, 8, 4611–4624. [CrossRef] [PubMed]

65. Tada, A.; Miura, H. The relationship between vitamin C and periodontal diseases: A systematic review. Int. J. Environ. Res. Public
Health 2019, 16, 2472. [CrossRef]

66. Kuzmanova, D.; Jansen, I.D.; Schoenmaker, T.; Nazmi, K.; Teeuw, W.J.; Bizzarro, S.; Loos, B.G.; van der Velden, U. Vitamin C in
plasma and leucocytes in relation to periodontitis. J. Clin. Periodontol. 2012, 39, 905–912. [CrossRef] [PubMed]

67. Staudte, H.; Kranz, S.; Völpel, A.; Schütze, J.; Sigusch, B.W. Comparison of nutrient intake between patients with periodontitis
and healthy subjects. Quintessence Int. 2012, 43, 907–916.

68. Iwasaki, M.; Moynihan, P.; Manz, M.C.; Taylor, G.W.; Yoshihara, A.; Muramatsu, K.; Watanabe, R.; Miyazaki, H. Dietary
antioxidants and periodontal disease in community-based older Japanese: A 2-year follow-up study. Public Health Nutr. 2013, 16,
330–338. [CrossRef]

https://doi.org/10.9799/ksfan.2015.28.2.281
https://doi.org/10.3390/ijerph16142555
https://doi.org/10.3390/ijerph182413279
https://doi.org/10.4235/agmr.21.0063
https://doi.org/10.1186/s12889-021-12392-2
https://doi.org/10.1080/00016357.2023.2166986
https://doi.org/10.5720/kjcn.2020.25.6.502
https://doi.org/10.2337/dc19-2237
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.2337/dc13-0416
https://doi.org/10.3969/j.issn.1002-0829.2013.06.009
https://doi.org/10.1007/s00125-010-1888-4
https://doi.org/10.1007/s10900-015-0117-y
https://doi.org/10.3389/fphys.2019.00234
https://doi.org/10.1093/epirev/mxx006
https://www.ncbi.nlm.nih.gov/pubmed/28449041
https://doi.org/10.1016/j.atherosclerosis.2018.02.011
https://doi.org/10.3390/ijerph19042369
https://www.yourdentistryguide.com/tooth-loss/
https://www.yourdentistryguide.com/tooth-loss/
https://doi.org/10.3390/diagnostics13040681
https://www.ncbi.nlm.nih.gov/pubmed/36832168
https://doi.org/10.1007/s00455-006-9014-y
https://www.ncbi.nlm.nih.gov/pubmed/16703445
https://doi.org/10.1111/joor.12395
https://www.ncbi.nlm.nih.gov/pubmed/27061099
https://doi.org/10.3345/kjp.2017.60.3.70
https://www.ncbi.nlm.nih.gov/pubmed/28392822
https://doi.org/10.1002/fsn3.1785
https://www.ncbi.nlm.nih.gov/pubmed/32884741
https://doi.org/10.3390/ijerph16142472
https://doi.org/10.1111/j.1600-051X.2012.01927.x
https://www.ncbi.nlm.nih.gov/pubmed/22845498
https://doi.org/10.1017/S1368980012002637


Nutrients 2023, 15, 5024 17 of 17

69. Iwasaki, M.; Manz, M.C.; Taylor, G.W.; Yoshihara, A.; Miyazaki, H. Relations of serum ascorbic acid and α-tocopherol to
periodontal disease. J. Dent. Res. 2012, 91, 167–172. [CrossRef] [PubMed]

70. Gokhale, N.H.; Acharya, A.B.; Patil, V.S.; Trivedi, D.J.; Thakur, S.L. A short-term evaluation of the relationship between plasma
ascorbic acid levels and periodontal disease in systemically healthy and type 2 diabetes mellitus subjects. J. Diet. Suppl. 2013, 10,
93–104. [CrossRef] [PubMed]

71. Abou Sulaiman, A.E.; Shehadeh, R.M. Assessment of total antioxidant capacity and the use of vitamin C in the treatment of
non-smokers with chronic periodontitis. J. Periodontol. 2010, 81, 1547–1554. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1177/0022034511431702
https://www.ncbi.nlm.nih.gov/pubmed/22166583
https://doi.org/10.3109/19390211.2013.790332
https://www.ncbi.nlm.nih.gov/pubmed/23725523
https://doi.org/10.1902/jop.2010.100173
https://www.ncbi.nlm.nih.gov/pubmed/20569170

	Introduction 
	Materials and Methods 
	Study Participants 
	Anthropometry, Lifestyle, Health Status, and Reproductive Factors 
	Number of Teeth and Chewing Ability 
	Dietary Intake 
	Statistical Analyses 

	Results 
	Characteristics of Study Participants 
	Number of Teeth and Chewing Ability According to Breastfeeding Duration 
	Dietary Intake According to Breastfeeding Duration 
	Risk of Tooth Loss, Chewing Difficulty, and Undernutrition According to Breastfeeding Duration 
	Risk of Undernutrition According to Tooth Loss/Chewing Difficulty, Stratified by Breastfeeding Duration 
	Mediating Effect of Tooth Loss/Chewing Difficulty on the Association between Breastfeeding Duration and Undernutrition Risk 

	Discussion 
	Conclusions 
	References

