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Abstract: The purpose of this cross-sectional study was to examine the relationship between diet
and anthropometric measures in postmenopausal women. Data collected from 937 women enrolled
in the Minnesota Green Tea Trial (NTC00917735) were used for this analysis. Dietary intake and
health-related data were collected via questionnaires. Body weight, height, and waist circumference
(WC) were measured by the study staff. The mean age of participants was 59.8 years and mean
WC was 83 cm. Approximately 30% of the participants had WC greater than 88 cm. Healthy
Eating Index-2015 score was 72.6 and the Dietary Inflammatory Index score was 0. Intakes of whole
grains, dairy, protein, sodium, and saturated fat did not meet the dietary guidelines. Only 12.5%
consumed the recommended daily amount of calcium (mean intake = 765 mg/day). When calcium
supplements were considered, only 35.2% of the participants had adequate intakes, even though
68.9% reported taking a calcium supplement. We found that age and number of medications taken
were significantly associated with waist circumference (p = 0.005). Women who reported taking two
or more medications had greater WC (85 cm) compared to women who reported not taking any
medications (82.2 cm), p = 0.002. Our findings suggest that achieving adequate calcium and vitamin
D intake may be challenging to postmenopausal women.

Keywords: healthy eating index; calcium; waist circumference; diet history questionnaire; supple-

ments; menopause; bone mineral density

1. Introduction

The transition to menopause is accompanied by several concomitant changes in
women’s biological, physiological, behavioral, and social characteristics that will define
women’s well-being and future risk of disease. One of the major physiological changes that
occur with menopause is a marked decline in estradiol production, which is associated with
several adverse consequences such as sleep disturbances, vasomotor symptoms such as hot
flashes and night sweats, sexual dysfunction, metabolic disorders, bone loss, dyslipidemia,
and obesity [1,2].

Approximately 75% of women ages 60 years and older are overweight [3]. Previous
research indicates that fat mass increases during the years preceding the transition to
menopause and abruptly worsens at the onset of menopause, followed by stabilization [4].
Although these observed increases in fat mass seem to be related to aging, rather than
menopause, evidence suggests that central fat accumulation is higher in postmenopausal
women compared with premenopausal women [3], which is attributed to the decreased
levels of estradiol and consequent increases in the activity of androgen receptors in visceral
adipose tissue [5]. In addition to changes in fat mass, a sharp menopause-related increase
in low-density lipoprotein (LDL)-cholesterol has been reported in the cohort Study of
Women's Health Across the Nation (SWAN) [6], which could predispose postmenopausal
women to cardiovascular disease and other chronic diseases such as diabetes. Indeed,
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menopause has been recognized as a female-specific risk factor for cardiovascular disease
by the American Heart Association [7].

Bone loss is considered a hallmark of menopause. A decline in bone mineral den-
sity during the transition to menopause has been well documented in prospective cohort
studies [8,9]. The role of diet on the prevention of bone mineral loss is not entirely elu-
cidated in light of conflicting findings regarding the benefits of calcium and vitamin D
supplementation for the prevention of fractures [10-12]. Nonetheless, adequate intake
of these two nutrients is recommended for the prevention of bone loss and fractures in
postmenopausal women [13]. Adequate protein intake also seems to be associated with
bone mineral density. Protein intake representing around 24% of total energy intake has
been associated with slower rates of bone loss and lower risk of hip fractures in older
individuals diagnosed with osteoporosis [14]. Finally, regular physical activity has also
been shown to positively affect bone health in women [15].

While some of the natural changes that occur with menopause are not modifiable,
lifestyle behaviors, particularly dietary behavior and physical activity, can be modified to
reduce the impact of disease risk factors on women'’s health such as weight gain, dyslipi-
demia, and bone loss, among others. To target dietary behavior as a means of lowering the
risk of disease in postmenopausal women, it is necessary to identify specific diet-related
concerns in this population. Several measures of diet quality can be used to assess dietary
patterns of postmenopausal women; the Healthy Eating Index (HEI) is a commonly used
index of diet quality because it reflects dietary adequacy in relation to the Dietary Guide-
lines for Americans [16]; the Dietary Inflammatory Index (DII) assesses the inflammatory
potential of the diet on a continuum from anti-inflammatory, represented by lower scores to
pro-inflammatory, represented by higher scores [17]. These indices are useful in the context
of large datasets because they provide a measure of overall dietary complexity, which can
be analyzed in conjunction with intakes of individual nutrients to obtain a more thorough
assessment of an individual’s diet. The purpose of this study was to examine relationships
between diet quality as assessed by the HEI and the DII and anthropometric measures in a
large sample of postmenopausal women living in a Midwestern state of the U.S.

2. Materials and Methods

Baseline data collected from 937 postmenopausal women enrolled in the Minnesota
Green Tea Trial (MGTT) were used for this cross-sectional analysis. The MGTT was a
double-blinded placebo-controlled trial that assessed the effects of green tea catechin
supplements on biomarkers of breast cancer risk (clinical trial ID: NCT00917735) [18].

2.1. Study Participants

Eligible participants had to be between the ages of 50 and 70, report being generally
healthy, postmenopausal for at least one year, not using any hormone therapy within the
past six months, and having been diagnosed with heterogeneously or extremely dense
breasts on a recent screening mammogram. Those who reported using hormone replace-
ment therapy, elevated liver enzymes, or over than 5 kg change in body weight over the
past year were not eligible. Written consent was obtained from all participants and the
trial protocol was approved by the University of Minnesota Institutional Review Board.
Details about participant selection and enrollment into the MGTT have been published
previously [18].

2.2. Dietary Assessment

Dietary intake was assessed using the National Cancer Institute’s diet history ques-
tionnaire (DHQ-1) [19]. This questionnaire included 124 food items with details about
portion size and frequency of consumption including vitamin and mineral supplements.

Data originated from the DHQ-1 was used to calculate the Healthy Eating Index (HEI)-
2015, according to the method previously described [20]. Briefly, the HEI is a measure of
diet quality based on alignment of dietary components to the recommendations of the
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Dietary Guidelines for Americans [16]. The HEI includes 13 components from which the
sum can result in scores ranging from 0 to 100. The higher the HEI score, the greater
the alignment between the individuals’ diets and dietary recommendations. Previous
research has shown that the HEI is valid and reliable when tested using dietary data from
a representative sample of Americans [21].

DHQ-1 data were also used to calculate the Dietary Inflammatory Index (DII) score,
as described by Shivappa et al. [17]. The z-scores for intakes of 28 food parameters were
calculated (calories (kcal), carbohydrate (g), protein (g), dietary fiber (g), saturated fat
(g), trans fats (g), monounsaturated fat (g), omega-6 (g), omega-3 (g), cholesterol (mg),
alcohol (g), vitamin A (ug), f-carotene (pg), thiamin (mg), niacin (mg), riboflavin (mg),
vitamin B6 (mg), folate (ug), vitamin B12 (ug), vitamin C (mg), vitamin D (pg), vitamin
E (mg), magnesium (mg), iron (mg), zinc (mg), selenium (mg), caffeine (mg), isoflavones
(mg)). Percentile scores were calculated from the z-scores and then doubled and ‘one’
was subtracted from the values to achieve a symmetrical distribution. Next, each food
parameter’s centered percentile value was multiplied by an ‘inflammatory effect score’
and all scores for the 28 food parameters were summed to obtain the overall DII for each
study participant. Intake of nutrients via supplements was not included in the calculation
of the DII. Although the original DII includes 45 food parameters, several of these were
not available from the DHQ-1. However, it can be argued that food components that were
not included in the calculation of the DII are consumed in low amounts in Western diets
such as ginger, saffron, turmeric, rosemary, flavonols, etc., and therefore, the absence of
these components will likely have a negligible effect on the overall DII scores of the present
population. In addition, previous published studies have also utilized this approach when
calculating the DII [22,23]. Higher DII scores indicate the higher inflammatory potential of
the diet.

2.3. Anthropometric Measures

Body weight was measured to the nearest 0.1 kg using a digital scale and height was
measured to the nearest 0.1 cm with a wall-mounted stadiometer. Waist circumference was
measured at the uppermost lateral border of the iliac crest at the narrowest point of the
torso, using a flexible body tape. All measurements were done by trained research staff.

2.4. Bone Mineral Density

Bone mineral density (BMD) in g/cm® was measured by dual x-ray absorptiometry
(DXA) in a subsample of 121 study participants. Whole body DXA scans were performed
using a GE Healthcare Lunar iDXA (GE Healthcare) and analyzed with the Encore software
v. 13.6, revision 2. T-scores were obtained by using peak bone mass from the manufacturer’s
reference population (age 30). T-scores less than —1.0 and —2.5 indicate osteopenia and
osteoporosis, respectively, according to WHO criteria [24].

2.5. Other Questionnaires

A comprehensive health questionnaire was completed by study participants about
demographics, physical activity (how many days per week did participant exercise for at
least 20 min), lifestyle factors, reproductive health history, medication, and supplement use.

2.6. Statistical Analyses

Descriptive statistics were generated by calculating frequencies and percentages
for categorical variables and means and standard deviations for continuous variables.
We examined relationships between the continuous variables of interest using Pearson’s
correlations. Physical activity was reported in days per week of exercise and for data
analysis, a dichotomous variable was created as follows: high physical activity (at least
four days per week of 20 min of physical activity) and low physical activity (less than four
days per week of 20 min of physical activity).



Nutrients 2021, 13, 1947

40f11

A multiple linear regression model using the backward method was fit to identify
which variables were most related to WC, and the initial model included age (years),
medication use category, as described below, parity (yes/no), exercise (low/high), HEI
score, DII score, years since menopause, fat intake (g), and glycemic load of the diet. All
variables were checked for multicollinearity prior to inclusion in the initial model. Post-
hoc power analysis for the multiple regression model was calculated and the observed
statistical power was 0.999.

To further explore the relationship between WC and medication use, analysis of covari-
ance was performed including age as a covariate. Medication use was classified into three
categories: low (if participants reported taking one medication or none, regularly), medium
(if participants reported taking 2 to 4 medications, regularly), and high (if participants
reported taking five or more medications, regularly).

To examine the relationship between diet quality and WC, linear models were fit
adjusting for age and using HEI score quartile as the independent variable. We also used
Pearson’s or Spearman correlations and linear models to explore relationships between
BMD, dietary variables, and physical activity in a subsample of participants who completed
DXA scans. All p-values < 0.05 were considered statistically significant and adjustment for
multiple comparisons was done by the Bonferroni test. All analyses were performed using
IBM SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Study Participants

Table 1 shows the selected characteristics of the study population. Dietary data were
available for all 937 participants, but information about years since menopause and physical
activity was missing for 43 and 123 participants, respectively. The majority of participants
were White (97.2%) and less than 1% were Hispanic. Mean BMI was 25.1 kg/ m? and
55.6% of the participants were classified as normal weight, while 33.5% and 10.9% were
classified as overweight and obese, respectively. Between 7 and 27% of participants took a
prescription medication from the categories listed in Table 1. Noticeably, while 34.7% did
not report taking any prescription medications, 28.5%, 18%, and 19.5% reported taking one,
two, or three or more prescription medications, respectively.

Table 1. Selected characteristics of postmenopausal women who participated in the Minnesota Green
Tea Trial.

Mean (SD) or

Characteristic N Frequency (%) (Min-Max)
Age (years) 937 59.8 (5.0) (50.1-71.2)
Years since menopause 894 10.7 (7.4) (1.0-40.1)
BMI (kg/m?) 932 25.1 (3.7) (18.2-43.7)
Waist circumference (cm) 935 83.6 (10.2) (60.3-120.5)
Healthy Eating Index (HEI) 937 72.6 (8.2) (41.8-92.5)
Dietary Inflammatory Index (DII) 937 0.002 (2.2) (—4.5-4.8)
Glycemic load 937 83.5(32.8) (16.4-256.9)
Protein (g) 937 58.2 (23.2) (7.7-181.0)
Calcium from diet (mg) 937 764.5 (352.4) (87.1-1950.3)
Calcium from supplements (mg) 937 283.2 (285.6) (0-714.3)
Vitamin D from diet (ug) 937 3.33 (2.31) (0.35-14.12)
Vitamin D from supplements (ug) 937 3.56 (3.32) (0-7.14)
Physical activity 814
Less than 4 days/week 363 (44.6)
4 or more days/week 451 (55.4)
Education 937
Less than college degree 238 (25.4)

College degree 420 (44.8)
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Table 1. Cont.
Characteristic N Mean (SD) (? r (Min-Max)
Frequency (%)
Graduate/Professional degree 273 (29.8)
Parity 931
No 218 (23.4)
Yes 713 (76.6)
Dietary Supplement Use 937
No 115 (12.3)
Yes 822 (87.7)
Medications
Depression/Anxiety 934 156 (16.7)
Blood Pressure 935 187 (20.0)
Statins 935 194 (20.7)
Anticoagulants 935 253 (27.0)
Thyroid 935 162 (17.3)
Osteoporosis 935 76 (8.1)

3.2. Dietary Intake

The mean HEI score for the participants was 72.6 (Table 1). Figure 1 depicts a radar
plot of the thirteen components used to calculate the HEI stratified by WC category. The
plot indicates that although the consumption of fruits, vegetables, seafood, and plant
proteins, refined grains, and added sugars were within 90% of the recommended amounts,
consumption of whole grains, dairy, total protein, sodium, and fats were inadequate.
Consumption of whole grains and sodium met only 40% of the recommended amounts,
while consumption of total protein met 70% of recommendations. In addition, the mean
daily dietary calcium intake was 764.5 mg, indicating that this population was consuming
only 63.7% of the recommended 1200 mg per day for women older than 51 years [16].
The intake increased to 1048 mg per day, when calcium supplements were added, which
was still not sufficient to reach the dietary recommendation. Only 12.5% of participants
had adequate intakes of calcium without counting with supplements. When calcium
supplements were considered, 35.2% of the participants had adequate intakes, even though
68.9% reported taking a calcium supplement. Mean intakes of vitamin D from dietary
sources and supplements were 3.33 pg and 3.56 ug per day, respectively. More than half of
the participants reported taking a vitamin D supplement (66.6%). Mean total vitamin D
was 6.88 pg, indicating that less than 50% of the recommended amount was met.

HEI score was inversely associated with DII (r = —0.347, p < 0.001) and waist circum-
ference (r = —0.152, p < 0.001), while DII was strongly and negatively associated with
glycemic load (r = —0.676, p < 0.001). DII scores ranged between —4.54 and 4.81, with a
mean DII score of 0. When we looked at DII scores and glycemic load stratified by quartiles
of HEI score, we found a significant association between quartiles of HEI score and DII
scores, F (3932) = 35.7, p < 0.001, n? =0.104. The findings indicated that mean DII scores
were significantly lower for quartiles 2, 3, and 4 of HEI score, compared with quartile 1.
No significant relationships were found between HEI scores and glycemic load (Table 2).
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Figure 1. Radar plot showing the thirteen components of the Healthy Eating Index score stratified
by WC for postmenopausal women who participated in the Minnesota Green Tea Trial. Mean HEI
scores for those with WC > 88 cm and WC < 88 cm were 73.7 and 75.4, respectively.

Table 2. Dietary Inflammatory Index (DII), glycemic load, and waist circumference means stratified
by quartiles of HEI score (N = 937).

Variables HEI Quartiles
Q1 (41.8-67.4) Q2 (67.5-73.2) Q3 (73.3-78.3) Q4 (78.4-92.5)

DII 0.90 (0.13) 0.36 (0.13) —0.26 (0.13) —0.99 (0.13)

p-values ! 0.028 0.000 0.000
Glycemic Load 86.14 (2.15) 80.63 (2.14) 80.84 (2.14) 86.27 (2.15)

p-values NS NS

WC 85.89 (0.66) 84.49 (0.66) 83.39 (0.66) 80.73 (0.66)
p-values NS 0.043 0.000

Abbreviations: DII: Dietary Inflammatory Index; HEI: Healthy Eating Index; NS: Non-Significant; WC: Waist
Circumference. ! p-values for comparisons with Q1.

3.3. Waist Circumference

WC measurements were available for 935 of the 937 participants. The mean of WC
was 83.6 cm. When classifying participants into high and low risk of chronic disease using
a WC cut-off of 88 cm [25], it was found that approximately 30% of study participants were
at high risk. There was also a significant relationship between WC and HEI quartiles; after
adjusting for age, F (3925) = 10.7, p < 0.001. WC was lower as quartiles of HEI increased,
as seen in Table 2. Figure 1 shows that the components of the HEI were very similar for
women classified as high risk versus those classified as low risk of chronic disease as per
WC values.

We examined whether age, medication use, physical activity category, dietary (HEI
score, DII score, fat intake, glycemic load), and reproductive variables (years since
menopause, parity) were associated with WC by fitting a multiple linear regression model.
Overall, the variables selected were not found to be good predictors of WC, as evidenced
by a small R? = 0.054 (p < 0.0001) (Table A1). Noteworthy was the fact that mean WC
for women who reported not taking any medications regularly was 82.2 cm (SE = 0.6)
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compared with 85.1 cm (SE = 0.6) for those who reported taking five or more medications
regularly (p = 0.001). Women who reported exercising less than four times per week had
higher mean WC (84.4 cm, SE = 0.5) compared with those who reported exercising four or
more times per week (81.8 cm, SE = 0.4).

3.4. Bone Mineral Density

Mean BMD was 1.16 g/cm?. T-scores ranged from —1.4 to 3.4, but only two partici-
pants were classified as osteopenic, as indicated by T-scores below —1.0. There were no
significant correlations between BMD and HE]I, total calcium, or total vitamin D intake.
BMD was significantly correlated with DII (r = —0.182, p = 0.046) and age (r = —0.223,
p = 0.014), and there was a trend toward a significant correlation with physical activity
expressed in days per week of at least 20 min of physical activity (rs = 0.136, p = 0.052).

4. Discussion

The present study aimed at investigating the relationships between diet quality, as-
sessed by calculating the HEI-2015 and the DII, and other lifestyle variables collected
from a large sample of postmenopausal women who participated in the MGTT [18]. Our
population’s HEI score indicates that only 72.6% of the dietary guidelines were being
met, with more pronounced deficits in whole grain, dairy, and total protein. Participants
met recommendations for the intake of fruits and vegetables while total protein intake
recommendations were not achieved, which is not in agreement with national data trends.
Previously published data collected from the National Health and Nutrition Examina-
tion Survey (NHANES) in 2015-2016 showed that adults between 18 and 64 years had a
HEI-2015 score of 58, with adequate intakes of total protein but noticeable deficits in fruit,
vegetable, dairy, fatty acids, and whole grain intake [26]. Dairy intake in this study was
30% below the recommended amounts, which may explain the lower intake of calcium.
Use of calcium supplements was reported by 68.9% of the participants and total calcium
intake was improved significantly with the use of calcium supplements, increasing from
764 mg to 1048 mg (87.3% adequacy). When we looked at vitamin D intake, we found
that only 45.9% of the recommended intake (15 pug/day) was met by study participants.
It is thought that adequate calcium and vitamin D intake is especially important after
menopause due to the decreases in bone mineral density associated with lower circulating
estrogen [27], but controversy exists about the relationship between calcium and vitamin D
intake and bone mineral density or risk of fractures. Bristow et al. [10] did not find any
relationships between calcium intake and BMD in a cohort of osteopenic postmenopausal
women over the age of 65 years. Similarly, a meta-analysis of randomized clinical trials
indicated that the use of calcium and/or vitamin D supplements was not associated with a
significant difference in risk of hip fractures compared to the placebo [28]. Findings from
the Women'’s Health Initiative (WHI) randomized controlled trial of calcium plus vitamin
D supplementation indicated a 1% increase in hip bone density in the group that received
1000 mg calcium with 400 IU vitamin D, but no significant effects on hip fractures were
found in the intent-to-treat analysis [29]. However, in subgroup analyses, it was reported
that adherent women had a 29% reduction in hip fractures. Interestingly, this trial also
found that supplements of calcium plus vitamin D increased the risk of renal calculi by
17%. Jackson et al. [30] also found that hip BMD was strengthened in postmenopausal
women with the combination of calcium and vitamin D supplements. We also looked at
the potential relationship between calcium and vitamin D intake and BMD data that was
available for 121 participants in the present dataset, but we did not find any significant
associations between BMD and calcium or vitamin D intake. These findings are not entirely
surprising considering that vitamin D status is influenced by several factors including
sun exposure, genetics [31], and obesity [32]. Even though vitamin D intake by study
participants did not meet recommendations, vitamin D status may have been adequate,
which would also support the normal BMD data described here. Notwithstanding, it is
recommended that postmenopausal women, particularly those living in areas where sun
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exposure during winter months is not sufficient to produce vitamin D in the skin, consume
adequate amounts of vitamin D through the diet and/or supplements when sufficient
intake cannot be achieved.

Physical activity was crudely measured in this study by asking study participants to
report the number of days in which they engaged in at least 20 min of physical activity. It
was found that approximately 45% of the women reported engaging in physical activity
less than four times per week, while 55% engaged in four or more days per week of
physical activity. In the subsample of 121 participants for whom a bone density scan
was obtained, we found a nearly significant weak correlation between BMD and number
of days per week of physical activity. These findings are in line with a large number of
published studies examining the role of physical activity on BMD in postmenopausal
women [15,33]. Unfortunately, we were not able to further explore the relationship between
BMD and physical activity in the present report due to the small number of women for
whom BMD data were available, and because physical activity was not assessed through a
validated questionnaire or through more objective measures such as using a pedometer or
an accelerometer.

DII score was calculated as another measure of diet quality in the present study. The
mean DII score for our population was 0. This finding is in agreement with a previous
study that reported a DII score of —0.62 for a subsample of postmenopausal women who
participated in the WHI study [34]. In the WHI, DII score was significantly associated with
levels of IL-6 and TNF-«-R2, which provided evidence for the validity of the DII score.
Other studies have found significant associations between DII score and risk of disease
such as colorectal cancer [22], cardiometabolic disease [35], and osteoporotic fractures [36].
Orchard et al. [36] used longitudinal data from the WHI to investigate the relationships
between DII and risk of fractures as well as BMD measured by DXA. It was found that
a higher DII score was associated with hip fracture risk only in White women younger
than 63 years and the authors speculated that the much greater risk of fracture that occurs
with older age would outweigh the benefits of a less inflammatory diet. The findings
also indicated that lower loss of hip BMD occurred in women who consumed a less
inflammatory diet (lower DII scores) over a six-year period [36]. Our findings seem to
support this association between DII scores and BMD as we found a significant but weak
negative correlation between BMD and DII (r = —0.182) in a subsample of our population.
We also found a significant inverse correlation between DII score and HEI score. This
was an expected finding, considering that higher DII scores indicate a more inflammatory
diet, which would translate into a lower HEL. DII score was also strongly associated with
glycemic load (r = —0.676, p < 0.001). To our knowledge, no previous studies have examined
the associations between glycemic load and DII in postmenopausal women. In contrast
with our study, Kim et al. [37] found that DII score was not correlated with glycemic load
in a sample of 110 college students living in the southern U.S. These findings may be
partially explained by the differences in dietary patterns between college students and
postmenopausal women. For example, Kim et al. [37] reported HEI scores for female
college students ranging between 34 and 61, while our HEI scores ranged from 42 to 92,
indicating that postmenopausal women consume a higher quality diet.

WC and BMI were the primary anthropometric measures used in this study. Our
data show that only 10.9% of study participants were classified as obese. This figure is
almost four times lower than the prevalence data available for a representative sample of
U.S. women, which indicated that 39.8% of non-Hispanic white women older than 20 were
obese in 2017-2018 [38]. WC data indicated that 30% of participants were at high risk for
disease using the cut-off value of 88 cm. Interestingly, HEI score as well as the components
of the HEI were very similar between the high risk and the low risk women, indicating
that differences in WC in this population may not be related to diet quality. One possible
explanation for our findings could be that women who were interested in participating in
the Minnesota Green Tea Trial were more likely to practice healthier lifestyle behaviors,
which would lead to lower body weight. We also found that women who reported taking
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five or more medications regularly had higher WC compared with women who reported
taking one or none, suggesting that higher WC was associated with the presence of risk
factors for disease. Some of the most common medications reported by participants were
anticoagulants, statins, antidepressants, blood pressure, and thyroid medications.

One limitation of the present study includes the racial background of study partici-
pants, which was primarily White and thus limits generalizability of our findings to other
racial groups. It should also be noted that all women enrolled in the MGTT had been
recently diagnosed with dense breasts, based on mammographic density. It is possible
that these women showed higher HEI scores and lower DII scores than other populations
because they were more concerned about breast cancer risk. Another limitation was the
inclusion of only 28 out of the 45 food parameters used to calculate the DII score, which
may have contributed to a less accurate estimation of the participants’ dietary inflam-
matory potential. However, as described earlier, we believe that the omission of certain
foods might not have significantly affected the DII scores, considering the low intake of
these foods in Western cultures. The questionnaire used to assess physical activity in this
population was not a validated instrument, and as such, may not have accurately assessed
physical activity in this population. Finally, data on BMD was only obtained for a small
subsample of 121 women, which limited the power of statistical tests that were conducted
using this variable.

5. Conclusions

Our findings support the notion that White postmenopausal women living in a U.S.
Midwestern state and recently diagnosed with dense breasts engage in a healthier lifestyle
compared to a national sample of women older than 20 years, as evidenced by higher
HEI scores and lower prevalence of obesity. In contrast, it was found that intake of dairy,
calcium, and vitamin D was not adequate in this population. BMD data did not indicate
the prevalence of osteopenia or osteoporosis in a subsample of the participants and, despite
the lack of evidence for a strong association between calcium intake and BMD [39], future
studies are needed to shed light on the relationship between calcium and vitamin D intake
and the health outcomes of postmenopausal women.
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Appendix A

Table Al. Multiple linear regression model of predictors of waist circumference in White post-
menopausal women (N = 751).

B SE(B) B p 95% Confidence Interval
Constant 83.974 4.953 - 0.000 74.251, 93.697
Age 0.215 0.071 0.111 0.003 0.075, 0.355
HEI score —0.168 0.042 —0.143 0.000 —0.251, —0.085
Physical Activity 1~ —1.985 0.694 —0.102 0.004 —3.348, —0.623
Medication use 2 —1.491 0.729 —0.075 0.041 —2.923, —0.060

B: unstandardized regression coefficient; SE(B): Standard Error of B; f: standardized coefficient. ! Reference
category is low exercise (less than four days of exercise per week). 2 Coefficient refers to category 1 (taking one or
less medications regularly). Reference group is category 3 (taking five or more medications regularly).

References

1.  Davis, S.R.; Lambrinoudaki, I.; Lumsden, M.; Mishra, G.D.; Pal, L.; Rees, M.; Santoro, N.; Simoncini, T. Menopause. Nat. Rev. Dis.
Primers 2015, 1, 1-19. [CrossRef] [PubMed]

2. Lobo, R.A;; Davis, S.R.; De Villiers, T.J.; Gompel, A.; Henderson, V.W.; Hodis, H.N.; Lumsden, M.A.; Mack, W.J.; Shapiro, S.;
Baber, R.J. Prevention of diseases after menopause. Climacteric 2014, 17, 540-556. [CrossRef] [PubMed]

3. Kapoor, E.; Collazo-Clavell, M.L.; Faubion, S.S. Weight Gain in Women at Midlife: A Concise Review of the Pathophysiology and
Strategies for Management. Mayo Clin. Proc. 2017, 92, 1552-1558. [CrossRef] [PubMed]

4. Greendale, G.A; Sternfeld, B.; Huang, M.H.; Han, W.; Karvonen-Gutierrez, C.; Ruppert, K.; Cauley, ].A.; Finkelstein, ].S.; Jiang,
S.F; Karlamangla, A.S. Changes in body composition and weight during the menopause transition. JCI Insight 2019, 4. [CrossRef]

5. Brown, LM,; Clegg, D.J. Central effects of estradiol in the regulation of food intake, body weight, and adiposity. J. Steroid Biochem.
Mol. Biol. 2010, 122, 65-73. [CrossRef] [PubMed]

6.  ElKhoudary, S.R.; Greendale, G.; Crawford, S.L.; Avis, N.E.; Brooks, M.M.; Thurston, R.C.; Karvonen-Gutierrez, C.; Waetjen, L.E.;
Matthews, K. The menopause transition and women’s health at midlife: A progress report from the Study of Women’s Health
across the Nation (SWAN). Menopause 2019, 26, 1213-1227.

7. Benjamin, E.J.; Muntner, P.; Alonso, A.; Bittencourt, M.S.; Callaway, C.W.; Carson, A.P.; Chamberlain, A.M.; Chang, A.R.; Cheng,
S.; Das, S.R.; et al. Heart Disease and Stroke Statistics-2019 Update: A Report From the American Heart Association. Circulation
2019, 139, e56—e528. [CrossRef]

8.  Finkelstein, J.S.; Brockwell, S.E.; Mehta, V.; Greendale, G.A.; Sowers, M.R.; Ettinger, B.; Lo, J.C.; Johnston, ].M.; Cauley, ]. A.;
Danielson, M.E.; et al. Bone mineral density changes during the menopause transition in a multiethnic cohort of women. J. Clin.
Endocrinol. Metab. 2008, 93, 861-868. [CrossRef]

9. Seifert-Klauss, V.; Fillenberg, S.; Schneider, H.; Luppa, P.; Mueller, D.; Kiechle, M. Bone loss in premenopausal, perimenopausal
and postmenopausal women: Results of a prospective observational study over 9 years. Climacteric 2012, 15, 433-440. [CrossRef]
[PubMed]

10. Bristow, S.M.; Horne, A.M.; Gamble, G.D.; Mihov, B.; Stewart, A.; Reid, L.R. Dietary Calcium Intake and Bone Loss over 6 Years in
Osteopenic Postmenopausal Women. J. Clin. Endocrinol. Metab. 2019, 104, 3576-3584. [CrossRef]

11. Tang, B.M,; Eslick, G.D.; Nowson, C.; Smith, C.; Bensoussan, A. Use of calcium or calcium in combination with vitamin D
supplementation to prevent fractures and bone loss in people aged 50 years and older: A meta-analysis. Lancet 2007, 370, 657-666.
[CrossRef]

12.  Boonen, S; Lips, P.; Bouillon, R.; Bischoff-Ferrari, H.A.; Vanderschueren, D.; Haentjens, P. Need for additional calcium to reduce
the risk of hip fracture with vitamin D supplementation: Evidence from a comparative metaanalysis of randomized controlled
trials. J. Clin. Endocrinol. Metab. 2007, 92, 1415-1423. [CrossRef]

13. Shifren, J.L.; Gass, M.L.S. The North American Menopause Society Recommendations for Clinical Care of Midlife Women.
Menopause |. N. Am. Menopause Soc. 2014, 21, 1038-1062. [CrossRef]

14. Rizzoli, R.; Bischoff-Ferrari, H.; Dawson-Hughes, B.; Weaver, C. Nutrition and bone health in women after the menopause.
Womens Health 2014, 10, 599-608. [CrossRef]

15. Daly, RM,; Dalla Via, ].; Duckham, R.L.; Fraser, S.F,; Helge, E.W. Exercise for the prevention of osteoporosis in postmenopausal
women: An evidence-based guide to the optimal prescription. Braz. J. Phys. Ther. 2019, 23, 170-180. [CrossRef]

16. U.S. Departments of Agriculture and Health and Human Services Dietary Guidelines for Americans, 2020-2025. Available online:
https:/ /www.dietaryguidelines.gov /resources/2020-2025-dietary-guidelines-online-materials (accessed on 9 April 2020).

17.  Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, ].R.; Hebert, ].R. Designing and developing a literature-derived, population-based

dietary inflammatory index. Public Health Nutr. 2014, 17, 1689-1696. [CrossRef]


http://doi.org/10.1038/nrdp.2015.4
http://www.ncbi.nlm.nih.gov/pubmed/27188659
http://doi.org/10.3109/13697137.2014.933411
http://www.ncbi.nlm.nih.gov/pubmed/24969415
http://doi.org/10.1016/j.mayocp.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28982486
http://doi.org/10.1172/jci.insight.124865
http://doi.org/10.1016/j.jsbmb.2009.12.005
http://www.ncbi.nlm.nih.gov/pubmed/20035866
http://doi.org/10.1161/CIR.0000000000000659
http://doi.org/10.1210/jc.2007-1876
http://doi.org/10.3109/13697137.2012.658110
http://www.ncbi.nlm.nih.gov/pubmed/22443333
http://doi.org/10.1210/jc.2019-00111
http://doi.org/10.1016/S0140-6736(07)61342-7
http://doi.org/10.1210/jc.2006-1404
http://doi.org/10.1097/GME.0000000000000319
http://doi.org/10.2217/WHE.14.40
http://doi.org/10.1016/j.bjpt.2018.11.011
https://www.dietaryguidelines.gov/resources/2020-2025-dietary-guidelines-online-materials
http://doi.org/10.1017/S1368980013002115

Nutrients 2021, 13, 1947 11 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Samavat, H.; Dostal, A.M.; Wang, R.; Bedell, S.; Emory, T.H.; Ursin, G.; Torkelson, C.J.; Gross, M.D.; Le, C.T.; Yu, M.C.; et al.
The Minnesota Green Tea Trial (MGTT), a randomized controlled trial of the efficacy of green tea extract on biomarkers of
breast cancer risk: Study rationale, design, methods, and participant characteristics. Cancer Causes Control 2015, 26, 1405-1419.
[CrossRef]

National Institutes of Health—National Institute of Cancer—Division of Cancer Control & Population Background of the Diet
History Questionnaire. Available online: https://epi.grants.cancer.gov/dhq/about/ (accessed on 9 April 2020).

National Institutes of Health—National Institute of Cancer—Division of Cancer Control & Population Diet History Questionnaire
II: Calculating Healthy Eating INdex (HEI) Scores Using Diet*Calc Output. Available online: https://epi.grants.cancer.gov/dhq2
/dietcalc/output.html (accessed on 25 February 2021).

Reedy, J.; Lerman, J.L.; Krebs-Smith, S.M.; Kirkpatrick, S.I.; Pannucci, T.E.; Wilson, M.M.; Subar, A.F,; Kahle, L.L.; Tooze, ].A.
Evaluation of the Healthy Eating Index-2015. J. Acad. Nutr. Diet. 2018, 118, 1622-1633. [CrossRef]

Tabung, FK.; Steck, S.E.; Ma, Y.; Liese, A.D.; Zhang, J.; Caan, B.; Hou, L.; Johnson, K.C.; Mossavar-Rahmani, Y.; Shivappa, N.; et al.
The association between dietary inflammatory index and risk of colorectal cancer among postmenopausal women: Results from
the Women's Health Initiative. Cancer Causes Control 2015, 26, 399-408. [CrossRef]

Duggan, C.; Tapsoba, ].d.D.; Shivappa, N.; Harris, H.R.; Hébert, J.R.; Wang, C.-Y.; McTiernan, A. Changes in Dietary Inflammatory
Index Patterns with Weight Loss in Women: A Randomized Controlled Trial. Cancer Prev. Res. 2020. [CrossRef]

World Health Organization. Assessment of Fracture Risk and Its Application to Screening for Postmenopausal Osteoporosis: Report of a
WHO Study Group [Meeting Held in Rome from 22 to 25 June 1992]; World Health Organization: Geneva, Switzerland, 25 June 1994.
Janssen, I.; Katzmarzyk, P.T.; Ross, R. Body mass index, waist circumference, and health risk: Evidence in support of current
National Institutes of Health guidelines. Arch. Intern. Med. 2002, 162, 2074-2079. [CrossRef]

Food and Nutrition Service—U.S. Department of Agriculture Healthy Eating Index. Available online: https://www.fns.usda.
gov/hei-scores-americans (accessed on 17 April 2021).

Cosman, F.; De Beur, S.J.; Leboff, M.S.; Lewiecki, E.M.; Tanner, B.; Randall, S.; Lindsay, R. Clinician’s Guide to Prevention and
Treatment of Osteoporosis. Osteoporos. Int. 2014, 25, 2359-2381. [CrossRef]

Zhao, ].G.; Zeng, X.T.; Wang, J.; Liu, L. Association between calcium or Vitamin D supplementation and fracture incidence in
community-dwelling older adults a systematic review and meta-analysis. JAMA 2017, 318, 2466-2482. [CrossRef]

Jackson, R.D.; LaCroix, A.Z.; Gass, M.; Wallace, R.B.; Robbins, J.; Lewis, C.E.; Bassford, T.; Beresford, S.A.A.; Black, H.R.;
Blanchette, P; et al. Calcium plus Vitamin D Supplementation and the Risk of Fractures. N. Engl. ]. Med. 2006, 354, 669-683.
[CrossRef] [PubMed]

Rossouw, J.E.; Anderson, G.L.; Prentice, R.L.; LaCroix, A.Z.; Kooperberg, C.; Stefanick, M.L.; Jackson, R.D.; Beresford, S.A.A.;
Howard, B.V.; Johnson, K.C; et al. Risks and benefits of estrogen plus progestin in healthy postmenopausal women: Principal
results from the women’s health initiative randomized controlled trial. JAMA 2002, 288, 321-333. [CrossRef]

Bahrami, A.; Sadeghnia, H.R.; Tabatabaeizadeh, S.A.; Bahrami-Taghanaki, H.; Behboodi, N.; Esmaeili, H.; Ferns, G.A.; Mobarhan,
M.G.; Avan, A. Genetic and epigenetic factors influencing vitamin D status. J. Cell. Physiol. 2018, 233, 4033-4043. [CrossRef]
Pourshahidi, L.K. Vitamin D and obesity: Current perspectives and future directions. Proc. Nutr. Soc. 2015, 74, 115-124. [CrossRef]
[PubMed]

Gonzalo-Encabo, P.; McNeil, ].; Boyne, D.J.; Courneya, K.S.; Friedenreich, C.M. Dose-response effects of exercise on bone mineral
density and content in post-menopausal women. Scand. J. Med. Sci. Sport. 2019, 29, 1121-1129. [CrossRef]

Tabung, FK.; Steck, S.E.; Zhang, J.; Ma, Y,; Liese, A.D.; Agalliu, I.; Hingle, M.; Hou, L.; Hurley, T.G.; Jiao, L.; et al. Construct
Validation of the Dietary Inflammatory Index among Postmenopausal Women HHS Public Access Author manuscript. Ann.
Epidemiol. 2015, 25, 398—405. [CrossRef]

Aslani, Z.; Sadeghi, O.; Heidari-Beni, M.; Zahedi, H.; Baygi, F; Shivappa, N.; Hébert, ].R.; Moradi, S.; Sotoudeh, G.; Asayesh, H.;
et al. Association of dietary inflammatory potential with cardiometabolic risk factors and diseases: A systematic review and
dose-response meta-analysis of observational studies. Diabetol. Metab. Syndr. 2020, 12, 86. [CrossRef]

Orchard, T;; Yildiz, V.; Steck, S.E.; Hébert, ].R.; Ma, Y.; Cauley, ].A.; Li, W.; Mossavar-Rahmani, Y.; Johnson, K.C.; Sattari, M.; et al.
Dietary Inflammatory Index, Bone Mineral Density, and Risk of Fracture in Postmenopausal Women: Results From the Women’s
Health Initiative. . Bone Miner. Res. Off. |. Am. Soc. Bone Miner. Res. 2017, 32, 1136-1146. [CrossRef] [PubMed]

Kim, Y.; Chen, J.; Wirth, M.D.; Shivappa, N.; Hebert, ].R. Lower dietary inflammatory index scores are associated with lower
glycemic index scores among college students. Nutrients 2018, 10, 182. [CrossRef] [PubMed]

Fryar, C.; Carroll, M.; Afful, J. Prevalence of overweight, obesity, and severe obesity among adults aged 20 and over: United
States, 1960-1962 through 2017-2018. Available online: https://www.cdc.gov/nchs/data/hestat/obesity-adult-17-18 /obesity-
adulthtm#Citation (accessed on 18 April 2021).

Tai, V.; Leung, W.; Grey, A.; Reid, L.R.; Bolland, M.J. Calcium intake and bone mineral density: Systematic review and meta-
analysis. BM]J 2015, 351, h4183. [CrossRef]


http://doi.org/10.1007/s10552-015-0632-2
https://epi.grants.cancer.gov/dhq/about/
https://epi.grants.cancer.gov/dhq2/dietcalc/output.html
https://epi.grants.cancer.gov/dhq2/dietcalc/output.html
http://doi.org/10.1016/j.jand.2018.05.019
http://doi.org/10.1007/s10552-014-0515-y
http://doi.org/10.1158/1940-6207.CAPR-20-0181
http://doi.org/10.1001/archinte.162.18.2074
https://www.fns.usda.gov/hei-scores-americans
https://www.fns.usda.gov/hei-scores-americans
http://doi.org/10.1007/s00198-014-2794-2
http://doi.org/10.1001/jama.2017.19344
http://doi.org/10.1056/NEJMoa055218
http://www.ncbi.nlm.nih.gov/pubmed/16481635
http://doi.org/10.1001/jama.288.3.321
http://doi.org/10.1002/jcp.26216
http://doi.org/10.1017/S0029665114001578
http://www.ncbi.nlm.nih.gov/pubmed/25359323
http://doi.org/10.1111/sms.13443
http://doi.org/10.1016/j.annepidem.2015.03.009
http://doi.org/10.1186/s13098-020-00592-6
http://doi.org/10.1002/jbmr.3070
http://www.ncbi.nlm.nih.gov/pubmed/28019686
http://doi.org/10.3390/nu10020182
http://www.ncbi.nlm.nih.gov/pubmed/29414858
https://www.cdc.gov/nchs/data/hestat/obesity-adult-17-18/obesity-adult.htm#Citation
https://www.cdc.gov/nchs/data/hestat/obesity-adult-17-18/obesity-adult.htm#Citation
http://doi.org/10.1136/bmj.h4183

	Introduction 
	Materials and Methods 
	Study Participants 
	Dietary Assessment 
	Anthropometric Measures 
	Bone Mineral Density 
	Other Questionnaires 
	Statistical Analyses 

	Results 
	Study Participants 
	Dietary Intake 
	Waist Circumference 
	Bone Mineral Density 

	Discussion 
	Conclusions 
	
	References

