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Abstract: The role of dairy foods and calcium/vitamin D supplements in cardiometabolic diseases
is unknown. The objective of this secondary analysis is to investigate cardiometabolic risk factors
changes after a 6-month weight-loss intervention in overweight/obese postmenopausal women
divided in three groups: Ca+vitamin D supplements (S); low-fat dairy foods (D; 4–5 servings/day);
or control/placebo pills (C), as complements to hypocaloric diets. The original study focused on
bone/body composition. This analysis included blood pressure (BP), and serum triglycerides, lipids
(including apoproteins Apo1 and ApoB), adipokines, and C-reactive protein in n = 97 participants
who finished with complete data points. Systolic BP decreased 5.1%, 4.8%, and 1.8% in S, D, and
C groups, respectively (p < 0.05 for S and D vs. baseline and vs. C at 6 months). Reduction in
triglycerides and ratio of total cholesterol (TC)/high-density lipoproteins cholesterol (HDL-C) was
the highest in S, while the reduction in TC and LDL-C was the highest in D group (all p < 0.05). Leptin
and ApoB significantly decreased and adiponectin and ApoA1 increased in all groups. In conclusion,
although the C group’s participants experienced an improvement in some of the cardiometabolic
indices with weight loss, those in the S and D groups showed significantly better results in most of
the outcomes, indicating the beneficial effects of low-fat dairy foods and/or Ca+vitamin D intake as
complements to a hypocaloric diet.

Keywords: calcium and vitamin D supplements; low-fat dairy foods; cardiometabolic risk factors;
weight loss; blood pressure; serum apolipoproteins; adipokines; serum vitamin D

1. Introduction

According to the 2000–2019 global assessment, cardiometabolic diseases, including
cardiovascular diseases (CVDs), stroke and type 2 diabetes, remain the major causes of mor-
tality and morbidity in the United States and throughout the world [1]. Postmenopausal
women, particularly those who are overweight/obese, are at elevated risk due to a combi-
nation of factors, most notably the cessation of estrogen and the excess of body fat with its
pro-inflammatory secretory products. Aging itself leads to physiological changes among
which low-grade chronic inflammation is a driver for many chronic diseases, including
cardiometabolic [2,3]. In addition to overweight/obesity and the comorbidities associated
with it, some biomarkers even in normal-weight individuals, including postmenopausal
women, have been identified as risks for cardiometabolic diseases [1]. These include high
blood pressure, aberrant serum lipids (high cholesterol, triglycerides, and atherogenic
lipoproteins) and elevated serum glucose and pro-inflammatory serum markers, such as
adipokines (e.g., leptin) and C-reactive protein (CRP).
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Dairy foods and milk are nutrient-dense foods containing many essential nutrients,
including calcium, potassium, and vitamin D, all three of a public health concern [4]
because of their overall low intake. Additionally, dairy foods are rich in high-quality
protein, some beneficial fatty acids, as well as multiple other minerals and vitamins,
including magnesium, selenium, zinc, and vitamins A, B12, pantothenic acid, and riboflavin.
Fermented dairy foods (yogurts and cheeses) also provide probiotics to the diet. Dairy
foods and some of the individual nutrients in them (most notably calcium) have been
implicated in cardiometabolic risks modulation, although with inconsistent findings and
not always clear health benefits [5]. There have been many suggested reasons for the
inconsistent findings (outside of the scope of this paper), but one notable reason is that,
in many studies, there was no clear distinction between fermented and non-fermented
amounts/proportions consumed within the dairy food matrix [6,7]. It was reported that
fermented dairy foods were associated with lower insulin resistance and oxidative stress,
whereas non-fermented (primarily milk) were associated with higher blood pressure, lower
high-density lipoproteins cholesterol (HDL-C) [6] and inflammation [8], the latter possibly
due to galactose (pro-inflammatory monosaccharide) in milk [9]. Therefore, it is possible
that dairy foods have a dual effect, depending on the kind and amount consumed, and
may be acting at multiple platforms, affecting not just serum lipids and blood pressure, but
also inflammation and oxidative processes, all implicated in cardiometabolic risks.

The role of calcium (Ca) itself in body weight, body adiposity [10] and even in fracture
risk [11] is unsettled as well. Its role in cardiometabolic diseases and their multiple risk
factors is even more ambiguous. A study reanalyzing the Women’s Health Initiative
data with the metanalysis of other published studies [12] reported the increased risk of
myocardial events with calcium supplements with and/or without vitamin D, mostly
due to increased vascular calcification. While vascular calcification is still being debated
within the bone loss issues [13], its role in CVDs was subsequently refuted multiple times,
including in a study based on the results from the 5-year clinical trial [14], or from meta-
analyses [15], or from the Korean National Cohort study, the latter one recommending
that vitamin D be added to Ca supplements [16]. To add to the controversy, some studies
reported the worsening of the serum lipid profile with higher serum Ca [17], while others
showed the opposite effect with Ca supplementation [18]. Despite the controversies, the
majority of findings reveal no adverse effect of Ca supplements on CVDs risks, especially
when taken with vitamin D. Additionally, the multiple beneficial effects of either Ca [19]
or dairy foods [20] on cardiometabolic risks have been reported, including those on blood
pressure [21]. In view of the above, it is important to investigate these relationships more
closely in the randomized clinical trials, as presented in this study.

Recently, we published the results from a 6-month weight loss clinical trial in over-
weight/obese postmenopausal women. All participants consumed hypocaloric diets com-
plemented with either calcium + vitamin D supplements, low-fat dairy foods, or placebo
pills (control) [22]. The weight loss was moderate, but the beneficial effects in lean and fat
tissues were the highest in participants on low-fat dairy foods. The bone health outcomes
were the best in the participants receiving calcium + vitamin D supplements, compared to
those in the control group.

These results prompted us to examine further the data from this weight-loss study and
investigate the cardiometabolic risk factors outcomes during a 6-month intervention. Specif-
ically, in this study, we examine the change in blood pressure, serum glucose, insulin, lipids
(including apoproteins A and B), adipokines (leptin, adiponectin), and pro-inflammatory
marker, CRP. We hypothesize that the hypocaloric diets with either Ca + vitamin D sup-
plements or increased low-fat dairy foods will be associated with greater benefits in car-
diometabolic factors compared to the control group (only hypocaloric diet).
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2. Methods
2.1. Weight Reduction Protocol and Dietary Plan

The weight reduction protocols, described in detail recently [22], involved moderate
energy restriction (~85% of energy needs) for the participants randomly divided in three
groups: (1) Dairy group (D; including 4–5 servings/day of low-fat dairy foods); (2) Sup-
plement group (S; with prescribed pills, each containing 315 mg Ca + 200 IU of vitamin
D/day); and (3) Control group (C; with placebo pills). The S and C codes were double
blinded and the allocator at Bayer, HealthCare LLC (pill manufacturer), concealed the codes
until the end of the study. The energy intake for dietary plan was designed using the Mifflin
St. Jeor equation [23] to estimate each participant’s energy requirement for the weight
maintenance, from which ~500 kcal was subtracted to elicit a weight loss of 0.5–1 kg/week.
The behavioral modification practices for all participants (control and intervention) were
regularly conducted, as previously described [22,24].

Both food frequency questionnaire and 3-day dietary records were collected upon the
entry into the study to estimate initial energy and Ca/vitamin D intake. Participants in the
D group were instructed to consume 4–5 servings of low- or reduced-fat dairy foods (e.g.,
cheese, skim or 1% fat milk, yogurt, pudding, low-fat ice cream and frozen yogurt), to reach
the intake of ~1500 mg Ca/day and ~600 IU/day vitamin D total, including other usual
food items. Participants in the S group received Ca citrate + vitamin D tablets (adjusted
individually to provide the total of ~1500 mg Ca/day and ~600 IU/day of vitamin D) and
the C group received placebo pills provided by Bayer, HealthCare LLC, Morristown, NJ.
The compliance with Ca supplements/placebo was monitored by pill count, while that of
dairy food intake by dietary records. In all cases, 24 h urine (see below) was analyzed for
Ca/creatinine levels for overall kidney functioning to double check the compliance [22].

During the first 3 months of the “run-in” period, all participants attended the biweekly
2 h group sessions (with 5–8 members of the same intervention group together), which
incorporated the multimodal cognitive-behavioral intervention, as well as nutritional
education [24,25]. Subsequently, these sessions were reduced to one monthly meetings
until the end of the study.

2.2. Participants

The selected participants (n = 97 in this analysis) were postmenopausal overweight/obese
women, generally healthy, able to live independently and free of chronic diseases, as de-
scribed previously [22,24]. They could not be taking cholesterol-lowering medications or
others known to affect bone metabolism (e.g., hormone replacement therapy or corticos-
teroids) or blood pressure for the past 3 months. They could not be currently smoking > 1
pack of cigarettes/day or consuming >2–3 drinks/day of alcohol or caffeine. They also
could not be involved in excessive exercise (although moderate exercise was allowed and
encouraged) in the past 3 months.

In addition, only participants with total dietary Ca intake of ≤800 mg Ca/day (as
screened by the initial food frequency questionnaire) were enrolled. If the qualifying
participant was taking Ca supplements, she was asked to stop and was allowed 1 month of
equilibration before enrolling in the study. Other mineral and vitamin supplements were
allowed, but were recorded and accounted for in all analyses. The study protocol was
approved by the Institutional Review Board at the Florida State University and the signed
consent was obtained from each participant.

2.3. Measurements
2.3.1. Anthropometry, Body Composition and Clinical Chemistry

All measurements were performed at baseline and 6 months visit, as described previ-
ously in detail [22,24]. Briefly, weight and height were measured by standardized proce-
dures in normal indoor clothing without shoes. Systolic and diastolic blood pressure (SBP
and DBP, respectively) was recorded in duplicates in a sitting position after a 5–10 min.
rest, using a digital device (Omron Healthcare, Inc., Bannockburn, IL, USA). The dual
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energy x-ray absorptiometry (iDXA, GE Medical Systems, Madison, WI, USA) was used
for the bone and body composition (lean and fat tissues) assessment, according to the
manufacturer’s specifications [22,24].

Blood was collected after an overnight fast. Serum was separated from red blood cells
after centrifugation and analyzed for routine tests, including Ca, protein, and creatinine,
as well as serum lipids by the contracting laboratory (Quest Diagnostics, San Capistrano,
CA, USA). Remaining serum samples were stored at −80 ◦C and later analyzed using
commercially available enzyme-linked immunosorbent assay kits for leptin and adiponectin
(ALPCO Diagnostics, Salem, NH, USA) and for 25 hydroxy vitamin D (25(OH)D) and
parathyroid hormone (PTH) (Immunodiagnostic Systems, Fountain Hills, AZ, USA). The
reagents for each assay were prepared and steps performed according to the manufacturer’s
instruction with coefficients of variations <10%. Each sample was tested in duplicate.

A 24 h urine sample (after each participant received written/and oral instructions),
was collected, the urine volume was measured and the aliquoted samples were routinely
analyzed for calcium, sodium, phosphorus, magnesium, and creatinine (Quest Diagnostics,
San Capistrano, CA, USA). These tests served to check for the for overall health, as well as
for the compliance with dairy/Ca/placebo pills diets [22,26].

2.3.2. Dietary and Physical Activity Assessment

The 3-day dietary records (2 week and 1 weekend day) were collected upon entering
the study and subsequently on a biweekly basis in the first 3-month run-in period and then
at the end of the study (6 months). The Food Processor® (ESHA Research, Salem, OR, USA)
was used to analyze the records for energy and all nutrients. The intakes of vitamin and
mineral supplements were carefully recorded and included in the total nutrient analysis, as
described previously [22,24,27].

Physical activity was assessed using a modified Allied Dunbar National Fitness Sur-
vey [22,28,29], to assess participation in recreational and sport activities, as well as other
everyday activities, such as: heavy housework, home improvement, gardening, and walk-
ing. Each activity was assessed for frequency and duration and expressed in hours/week
based on the average of the previous 4 weeks. The activities were added up to calculate
the total activity score in hours/week [28]. The records were obtained at the beginning
and end of the study. During the 3-month run-in period, the activity journals were kept
and evaluated on a biweekly basis (same as dietary records). Participants also documented
their activities over a 24 h period (for 2 weeks and 1 weekend day), including the number
of hours of sleep, utilizing the questionnaire by Bouchard et al. [29], from which energy
expenditure as metabolic equivalents (MET) was calculated.

2.4. Statistical Analyses

Most of the exploratory analyses, including descriptives and the check for normality
of variables, were performed via standard statistical methods using SPSS (version 25)
statistical package (IBM®, Armonk, New York, NY, USA). The initial exploration also
included correlational analyses between weight loss outcomes (e.g., BMI and body fat)
and measured cardiometabolic risk factors (BP and serum markers) to obtain better focus
for calculations regarding the objectives of the current study. The longitudinal data were
analyzed by repeated outcome measures. For example, the repeated measures analysis of
covariance (RM ANCOVA) was utilized to test a three factorial (Dairy (D) vs. Supplement
(S) vs. Control (C) groups) design for continuous variables (anthropometries and clinical
data); the focus was on change, both overall and as a function of the three groups, and
their interaction with time. Other demographic covariates (age and education) were also
examined/included. The difference among three treatment groups (inter) or difference
between baseline and 6 months within the same group (intra) were computed as well. The
level of significance was set at p ≤ 0.05.

For the original study that focused on the effects of weight loss on bone, muscle and
adipose tissue, the power was calculated using the results from the Chao et al. study [30]
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reporting the effect of weight loss on bone mineral density. For this secondary analysis,
the power was estimated from the randomized double-blind controlled trial of Ejtadeh
et al. [31]. In that study, the consumption of yogurt (300 g/day) significantly improved
serum lipids during the 6 week intervention. With at least 80% power to detect a significant
(p < 0.05) difference and utilizing G*Power [32], it was determined that n = 30 per group
would be large enough to detect desired differences.

3. Results

A total of n = 189 subjects participated in the baseline measurements with an attrition
rate of about 30% after 6 months of follow-up. There were also missing data in some
variables even among the subjects who completed the study, as reported earlier [22]. To
avoid missing data handling in this secondary analysis, we included only participants
without any missing data, or only those with full sets of all-data points. Therefore, the
secondary analysis was performed on n = 97 participants, with n = 30, n = 37, and n = 30
for C, S, and D groups, respectively.

Table 1 presents baseline characteristics, body composition, serum analyzes, dietary
intake of selected nutrients and physical activity of participants who finished the 6-month
follow-up with complete data sets. No statistical difference was found in variables between
continuing and noncontinuing participants. The anthropometric, blood pressure, body
composition, dietary and physical activity variables showed fulfillment with inclusion
criteria, as indicated earlier [22]. The serum parameters were within the reference range
for insulin, triglycerides, HDL-C, TC/HDL-C ratio, adiponectin, 25(OH)D, and PTH. The
values were elevated for glucose (slightly), TC, LDL-C, leptin, ApoB and hs-CRP, but were
below the reference range for ApoA1 (Table 1).

Table 1. Baseline characteristics, body composition, serum analyzes, dietary intake of selected
nutrients and physical activity (Mean ± SD) of participants who finished the 6 month follow-up with
complete data sets.

Variables n = 97

Age (y) 55.8 ± 3.7

Years Since Menopause (y) 6.6 ± 3.4

Blood Pressure Reference

Systolic blood pressure (mmHg) 121.5 ± 15.1 <120

Diastolic blood pressure (mmHg) 80.0 ± 9.4 <80

Anthropometry/Body Composition

Weight (kg) 83.0 ± 13.5

Height (cm) 163.5 ± 5.8

Body Mass Index (kg/m2) 31.0 ± 4.8

Total body fat (kg) 37.8 ± 10.5
Total body fat (%) 45.4 ± 4.8
Total body lean mass (kg) 42.1 ± 5.1

Serum Parameters Reference Range

Glucose (mg/dL) 100.6 ± 17.3 65–99

Insulin (µIU/mL) 10.0 ± 8.8 <17

Triglycerides (mg/dL) 135.8 ± 75.8 <149

TC (mg/dL) 214.2 ± 42.4 100–199
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Table 1. Cont.

Variables n = 97

LDL-C (mg/dL) 130.3 ± 39.9 <99

HDL-C (mg/dL) 57.0 ± 17.6 >39

TC/HDL-C ratio 4.1 ± 1.4 3.5–5

Leptin (ng/mL) 38.9 ± 26.0 3–18

Adiponectin (µg/mL) 12.1 ± 6.0 5–30

ApoA1 (mg/dL) 85.4 ± 69.3 100–205

ApoB (mg/dL) 114.2 ± 49.1 <100

ApoB/ApoA1 1.3 ± 0.7 0.8–0.9

hs-CRP (mg/L) 4.7 ± 5.0 1–3

25(OH)D (nmol/L) 65.6 ± 28.0 50–125

Parathyroid hormone (pmol/L) 3.1 ± 1.6 1.6–6.9

Energy and Selected Nutrients DRI

Energy (kcal/day) 1769.2 ± 426.1

Protein (g/day) 73.9 ± 20.0

Protein (g/kg/day) 0.90 ± 1.6 0.8

Carbohydrates (g/day) 209.0 ± 60.3

Fat (g/day) 68.7 ± 23.2

Total calcium (mg/day) * 905.6 ± 383.9 1200

Total vitamin D (IU/day) * 343.6 ± 288.2 600–800

Physical Activity

Total activity (h/week) ** 7.9 ± 6.8

MET 44.1 ± 5.3
* Includes the amount from food and from the multivitamin/mineral supplements taken at baseline. ** Includes
housework, gardening, do-it-yourself activities, walking and recreation. TC, total cholesterol; LDL-C, Low
density lipoproteins cholesterol; HDL-C, High density lipoproteins cholesterol; ApoA1, Apoproteins A1; ApoB,
Apoproteins B; hs-CRP, High sensitivity C-reactive protein; 25(OH)D, 25 hydroxy vitamin D; DRI, Dietary
Reference Intakes; MET, Metabolic equivalent.

Although the number of participants was reduced from n = 135 in the original study to
n = 97 for this analysis, the relations among variables at baseline remained the same between
those who finished the study and those who were excluded and similar as in the original
study [22]. Table 2 presents the baseline results from the correlational analysis between
body composition parameters (most affected by weight loss) and serum cardiometabolic
indices. As expected, the strongest significant positive correlations were found between
BMI and body fat with insulin, leptin and hs-CRP. The positive, although significantly
weaker correlations were noted between BMI and SBP, DBP, glucose, triglycerides and
ApoB and negative with HDL-C. Similar trends (except for blood pressure, triglycerides,
and HDL-C) were noted regarding the weight itself. However, unlike BMI, but similar to
body fat (both kg and %), the weight was significantly negatively related to 25(OH)D. Lean
mass was significantly positively related to glucose, insulin, TC/HDL-C, leptin, ApoB, and
hs-CRP, probably reflecting the overall body mass/size in this correlational analysis.
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Table 2. Baseline Pearson correlation coefficients (r) and p-values, between body composition and
serum parameters in participants who finished the 6-month intervention.

Serum
Parameters

Weight BMI Body Fat (kg) Body Fat (%) Lean Mass (kg)

r p r p r p r p r p

SBP 0.111 ns 0.234 0.0196 0.144 ns 0.138 ns 0.031 ns

DBP 0.093 ns 0.204 0.0431 0.101 ns 0.117 ns 0.032 ns

Glucose 0.223 0.0258 0.211 0.0352 0.190 ns 0.135 ns 0.247 0.0131

Insulin 0.422 ≤0.0001 0.474 ≤0.0001 0.393 ≤0.0001 0.233 0.0211 0.402 ≤0.0001

Triglycerides 0.139 ns 0.223 0.0258 0.118 ns 0.079 ns 0.148 ns

TC −0.009 ns −0.024 ns −0.044 ns −0.026 ns 0.007 ns

LDL-C 0.039 ns −0.005 ns 0.035 ns 0.037 ns 0.035 ns

HDL-C −0.189 ns −0.223 0.0258 −0.189 ns −0.175 ns −0.167 ns

TC/HDL-C 0.183 ns 0.185 ns 0.130 ns 0.105 ns 0.203 0.0430

Leptin 0.534 ≤0.0001 0.604 ≤0.0001 0.593 ≤0.0001 0.581 ≤0.0001 0.296 0.0028

Adiponectin 0.035 ns −0.033 ns 0.015 ns −0.051 ns 0.039 ns

ApoA1 −0.158 ns −0.110 ns −0.127 ns −0.070 ns −0.182 ns

ApoB 0.220 0.0289 0.254 0.0111 0.203 0.0453 0.122 ns 0.220 0.0289

hs-CRP 0.438 ≤0.0001 0.467 ≤0.0001 0.493 ≤0.0001 0.431 ≤0.0001 0.274 0.0057

25(OH)D −0.204 0.0386 −0.181 ns −0.212 0.0351 −0.229 0.0216 −0.110 ns

PTH 0.035 ns 0.067 ns 0.066 ns 0.156 ns −0.071 ns

BMI, Body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; TC, total cholesterol; LDL-
C, Low density lipoproteins cholesterol; HDL-C, High density lipoproteins cholesterol; ApoA1, Apoproteins
A1; ApoB, Apoproteins B; hs-CRP, High sensitivity C-reactive protein; 25(OH)D, 25 hydroxy vitamin D; PTH,
parathyroid hormone.

The weight loss and changes in body composition parameters from the original study
have been presented in detail [22]. Briefly, overall weight loss was moderate, with the
highest percentage decrease in all anthropometric variables and total body and android
fat in the D group, followed by the S group’s participants, while the highest percentage
decrease in lean mass was noted in the C group’s participants [22].

Regarding the outcomes of the secondary analyses, Figure 1 presents the percent
change in blood pressure after 6 months in each group. Although initial blood pressure was
close to normal in all participants, it decreased significantly in each group after 6 months
of intervention (p ≤ 0.05, intragroup). Moreover, the participants in the S and D groups
ended with significantly lower values for both SBP and DBP at 6 months compared to the
C group’s participants (p ≤ 0.05, intergroup).

Table 3 presents the baseline and 6-month values of relevant serum biomarkers in
participants stratified by study groups with intra- (within the same group at baseline
and/or 6 months) and inter- (within the different groups at baseline and/or 6 months)
differences. There was no significant difference in glucose among the groups at baseline
and it did not change over time, while insulin decreased in C and S groups’ participants
after 6 months. Among other variables at baseline, only leptin was significantly higher
in C group’s participants and remained such. After 6 months, leptin decreased, and
adiponectin increased significantly in all groups (both expected with weight loss). ApoA1
increased and ApoB decreased significantly in all groups, while hs-CRP remained the same.
Serum 25(OH)D significantly increased in S and D groups (also expected, although not
necessarily reflected in the dietary records for D group). All other clinical parameters used
as health indicators (electrolytes, minerals, not presented) were within the normal ranges
and remained such after 6 months.
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Table 3. Serum biomarkers in participants divided in intervention groups at baseline and after 6
months (mean ± SD); n = 30, n = 37, n = 30 for control/placebo (C), supplement (S) and dairy (D)
group, respectively.

Variables †
Baseline p ab 6 Months p ”

C S D C S D

Glucose (mg/dL) 104.4 ± 16.9 97.3 ± 7.2 98.5 ± 8.6 NS 101.1 ± 11.2 95.7 ± 8.3 97.2 ± 10.4 NS
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Leptin (ng/mL) 46.4 a ± 34.9 32.5 b ± 19.1 37.8 b ± 19.1 37.9 ”a ± 26.3 28.9 ”b ± 16.9 29.5 ”b ± 21.7

Adiponectin
(µg/mL) 11.7 ± 5.2 11.8 ± 5.9 12.7 ± 6.5 NS 17.9 ” ± 8.5 16.4 ” ± 9.3 15.4 ” ± 5.8

ApoA1 (mg/dL) 77.4 ± 55.3 86.9 ± 65.3 84.1 ± 63.5 NS 102.8 ”a ± 59.9 117.8 ”b ± 78.7 105.6 ”a ± 60.0

ApoB (mg/dL) 121.4 ± 56.5 114.0 ± 43.7 117.6 ± 42.4 NS 95.6 ” ± 36.5 97.8 ” ± 31.8 92.9 ” ± 27.5

ApoB/ApoA1 1.6 ± 1.0 1.3 ± 0.7 1.4 ± 0.7 0.9 ” ± 0.6 0.8 ” ± 0.4 0.9 ” ± 0.5

hs-CRP (mg/L) 4.8 ± 4.7 4.6 ± 5.7 4.8 ± 4.7 NS 4.8 ± 5.3 4.6 ± 5.7 4.9 ± 6.5 NS

Serum 25(OH)D
(nmol/L) 65.8 ± 24.4 70.7 ± 32.7 66.6 ± 27.5 NS 71.9 a ± 30.9 83.0 ”b ± 23.4 82.8 ”b ± 46.8

Parathyroid hormone
(pmol/L) 3.0 ± 1.4 3.1 ± 1.7 3.2 ± 1.8 NS 3.5 ± 1.3 2.8 ” ± 1.2 3.0 ± 0.9

† Values are adjusted for age and body mass index (BMI); † By ANOVA and subsequent t-tests; ApoA1, apolipopro-
tein A1; ApoB, apolipoprotein B, hs-CRP, high sensitivity C-reactive protein; 25(OH)D, 25 hydroxy vitamin D.
p ab Statistically significant difference among the groups (intergroup) at baseline and/or 6 months (2 sample
t-test). p ” Statistically significant difference within the group (intragroup) at 6 months compared to the baseline
(paired t-test).

Figure 2 presents percentage change in serum lipid variables after 6 months. Overall,
serum lipids improved in all groups, presumably due to the loss of weight/fat. However,
the reduction in triglycerides was the highest in the S group, the reduction in total and
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LDL-C was the highest in the D group, while the increase in the HDL-C was the highest in
the S group’s participants and so was the decrease in the TC/HDL-C ratio (all p ≤ 0.05).
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Detailed dietary and physical activity variables at baseline and 6 months in the par-
ticipants stratified by the study groups have been published in the original study ([22], in
Table 3). The same trends were noted in this smaller fraction of the population. Most impor-
tantly, after 6 months, energy and macronutrient intake significantly decreased compared
to baseline, while Ca intake significantly decreased in C, but increased in S and D groups’
participants, compared to baseline. Vitamin D intake was unchanged in C and D groups,
while it significantly increased in the S group’s participants compared to baseline. Of note
is that the D group’s participants consumed about 2/3 of their total dairy foods as yogurts
and cheese (fermented) and about 1/3 as milk (non-fermented). In the overall population,
~30% of participants did not drink milk at all, or not in any considerable amount.

4. Discussion

Most of the examined cardiometabolic indices improved in all participants, including
those in the control (C) group, due to the weight loss. A significant improvement in C
group’s participants after 6 months was noted in BP, triglycerides, TC, insulin, leptin,
adiponectin, ApoA1, ApoB and their ratio (Figures 1 and 2, and Table 3). However, our
results reflect significantly better outcomes in some indices in participants belonging to
both Ca + vitamin D supplements (S) and low-fat dairy (D) groups. Despite the significant
decrease in both SBP and DBP in all participants, the decrease was significantly greater in
the S and D, compared to the C group’s participants (Figure 1). The highest percentage
decrease in triglycerides and TC/HDL-C ratio was noted in the S group, while the highest
percentage decrease in TC and LDL-C was in the D group’s participants. The percentage of
HDL-C increased only in the S group, while the percentage of TC/HDL-C ratio increased
in the C group’s participants (Figure 2).

Blood pressure can often be manipulated with lifestyle changes [33], including weight
loss, an overall healthy dietary pattern, and physical activity. Some of these changes
could have been the case for all participants in our study. Although they were on average
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normotensive, a significant decrease in blood pressure, particularly DBP, was impressive.
The results from an earlier meta-analysis of 40 studies showed that Ca supplements of
~1 g/day reduced both SBP and DBP and the effect was even larger in those with lower
initial Ca intake [34]. Similarly, the results from the most recent Cochrane review of some
18 clinical trials and 3140 normotensive participants showed the dose response: higher
Ca intake (1–1.5 g/day) resulted in a higher reduction in SBP [21]. The results of our
study are in agreement with the results of both reviews. On the contrary, the results
from the secondary analysis of the Women Health Initiative, Ca/vitamin D supplements
arm, showed no effect of the supplements on blood pressure compared to placebo in
postmenopausal women during a 7-year follow-up [35]. Such findings could be attributed
to the number of limitation (pointed by the authors), of which probably the most important
were non-adherence during a long-time follow-up and some participants taking open label
supplements, thus muddying the results.

Although dairy foods are more complex in their action and their concomitant health
effects (see more below), a recent study showed the clear benefits of their intake on blood
pressure. Overweight men and women were enrolled in the cross-over intervention study
with high or low dairy foods during a period of 6 weeks. The results showed that those
consuming higher amounts of dairy foods experienced a significant decrease in both SBP
and DBP, although the effect might have been dependent on the coexistent higher calcium
intake [36]. The authors also speculate that, in addition to the synergistic action of other
nutrients in dairy, one of the important and unique contributors in dairy foods could
be the presence of the amino acid cysteine, producing hydrogen sulfide and eventually
nitrogen monoxide, both potent vasodilators. Our results corroborate these findings,
persisting even for the longer time (6 months), which is especially important in the current
time of the COVID-19 pandemic. The results from a new study in over 460,000 men
and women, participants of U.S. employer-sponsored wellness programs, revealed the
significant increase in both SBP and DBP during the lockdown period (March–December
2020) compared to 2019 (pre-pandemic time), particularly in women of 65–88 years of
age [37]. In view of this, awareness of some relatively simple dietary approaches to
reduce blood pressure is important to avoid further pandemic and/or post-pandemic
complications in general population.

In addition to weight loss in its own right, both calcium and dairy food consumption
have been implicated in BP lowering effects. The calcium effect could be explained by
the common link between calciotropic hormones, namely, PTH and calcitriol (1,25(OH)2
vitamin D), and BP regulators, namely, renin-angiotensin-aldosterone system (RAAS). Each
of these pathways is regulated by intracellular calcium, which depends on serum (ionized
extracellular) calcium that is ultimately influenced by calcium intake [27,38]. Briefly, with
low calcium intake, serum calcium decreases promoting the synthesis of 1,25(OH)2 vitamin
D and the secretion of PTH, the latter activating RAAS. A rise in serum 1,25(OH)2 vitamin
D and PTH promotes a higher influx of calcium inside the cells causing its increased
concentration. This is known as “calcium paradox” (higher intracellular calcium is caused
by lower serum calcium/intake) [39]. Simultaneously, the RAAS activated by the rise in
PTH promotes vasoconstriction, leading to peripheral vascular resistance and increased
BP. A similar mechanism with low serum calcium (due to low intake) promoting a higher
influx of intracellular calcium (via PTH and 1,25(OH)2 vitamin D) into adipocytes has been
attributed to decreased lipolysis and weight gain, explaining how higher calcium intake
may promote weight maintenance or weight loss [40].

Regarding the changes in serum lipids (triglycerides and cholesterol fractions), our
results point to better outcomes in the S and D groups’ participants (Figure 2). Other, but not
all, studies showed similar improvements with either calcium supplements or dairy foods.
As discussed above, increased calcium intake (with or without energy restriction) may
help in lipid metabolism by inhibiting lipogenesis in adipocytes and promoting lipolysis,
decreasing circulatory free fatty acids and promoting their oxidation [40]. In addition,
although probably with a lower magnitude, calcium effect could be linked to the absorptive



Nutrients 2022, 14, 1082 11 of 16

pathways in which dietary calcium binds fatty acids in the intestinal tract and limits their
absorption [41].

As far as dairy foods modifying circulating lipids are concerned, the EPIC–Norfolk
study reported changes in dairy consumption parallel with changes in cardiometabolic
markers in over 15,600 adults (40–78 years old), following them from baseline to an average
of 3.7 years [7]. Among other beneficial outcomes associated with higher intake of variety
of dairy foods (high fat, low fat, and milk) consumption, the authors reported higher
HDL-C and lower LDL-C in those with higher intakes [7]. Not all studies are consistent
and there are also some null or negative findings [5]. However, corroborating our findings,
the results from the recent review of several studies [42] revealed that calcium intake, either
as a supplement or part of dairy matrix, is in most cases associated with lower TC and
LDL-C, and emphasized that the mechanisms of actions are multifaceted, operating within
the pathways of fat absorption and digestion, as well as interacting with bile salts and their
subsequent excretion.

Other notable findings of our study include the significant decrease in serum ApoB and
leptin and increase in ApoA1 and adiponectin in all groups (Table 3). Among apoproteins,
ApoB and ApoA1 are the primary protein components of non-HDL-C (LDL-C, IDL-C,
VLDL-C) and HDL-C, respectively. Elevated ApoB and lowered ApoA1 are associated
with an increased risk of CVDs and may be even better indicators of lipid abnormalities
than their corresponding lipoprotein-cholesterol fractions [43,44]. An earlier large meta-
analysis showed that the ApoB/ApoA1 ratio (presenting the balance between atherogenic
and anti-atherogenic apoproteins) was an even better risk indicator than the traditional
serum lipids [45]. Similarly, a study in normotensive, healthy, young-to-middle age men
showed that the ApoB/ApoA1 ratio was more discriminatory in detecting atherogenic lipid
profile [46]. In our study, participants in all groups ended up with significantly lower ApoB
and higher ApoA1, leading to an improved ApoB/ApoA1 ratio, all resulting in normal
values for each after 6 months (Table 3).

Both leptin and adiponectin are adipokines/hormones released primarily from adi-
pose tissue, but the former is also produced in vascular smooth muscle cells and its
concentration is elevated both in obesity and in CVDs, including hypertension. Conversely,
adiponectin is a cardioprotective hormone and has been shown to reduce oxidative stress
and inflammation. When within normal serum concentrations, leptin may act in reducing
body weight by regulating appetite and increasing energy expenditure [47]. However, in
hyperleptinemia and subsequent development of leptin resistance, it fails to modulate
appetite and exerts pro-inflammatory properties and, as such, is implicated not just in
propagating obesity [48], but also in atherogenesis and arterial stiffness, thus increasing
the risks for CVDs development [49]. All our participants had elevated serum leptin con-
centration (due to being overweight/obese); it significantly decreased in all groups after
6 months, but never reached normal/recommended levels. It was recently hypothesized
that dysregulated leptin levels may compromise the immune system in COVID-19 patients
and worsen the outcomes of the infection [50]. Thus, the trend in our study was beneficial
for our participants, but also points to the need for health professionals to monitor serum
leptin in relation to excess adiposity, particularly during the pandemic.

In contrast to leptin and other adipokines, adiponectin is beneficial for cardiometabolic
diseases and its serum concentrations and is inversely associated with adiposity and directly
with insulin sensitivity, rendering its normal levels crucial for optimal physiological actions
in the cardiovascular system [47]. The participants of our study, although having normal
serum adiponectin concentrations at baseline, experienced a significant increase after the
intervention (no difference among the groups), which positioned them at a more favorable
health status.

In our study participants, glucose (normal at baseline) and hs-CRP (elevated at base-
line) did not change over time, while insulin significantly decreased in the C and S groups,
but not in the D group’s participants (Table 3). It is well established that CRP concentrations
increase in response to tissue injury or inflammation and hs-CRP has been endorsed by
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multiple guidelines as a biomarker of atherosclerotic/cardiovascular disease risk [43,51].
Some clinical trials demonstrated a significantly lower cardiovascular risk for patients with
hs-CRP lower than 2.0 mg/L [43]. These guidelines implicate that our participants (with
serum hs-CRP concentrations above the acceptable normal values) might have been at
elevated inflammatory state, which did not change with weight loss or intervention.

Circulating serum 25(OH)D increased in all participants of our study and significantly
so in S and D groups (Table 3), as would be expected due to the intervention. The increase in
the C group’s participants (and to a certain extent in others) is most likely due to its release
from the fat stores during the weight/body fat loss. Although the changes were small,
and participants had normal values to begin with, they may indicate an improvement in
some CVDs risk indices, as well as good compliance with the prescribed diets. Ample
evidence suggests a critical role of low serum 25(OH)D in tissue inflammation and numer-
ous cardiometabolic diseases risks, including atherosclerotic plaque formation, metabolic
syndrome, and diabetes, as well as an increased risk of myocardial infarction and stroke
in postmenopausal women [52,53]. Such observations are supported by some biologically
plausible mechanisms, including vitamin D receptors that are found on endothelial and
smooth muscle cells, showing that circulating 25(OH)D improved endothelial function by
reducing the production of proinflammatory cytokines, as well as lowering PTH levels
and RAAS activity [54]. Therefore, the positive outcomes of our intervention on serum
25(OH)D are encouraging.

It is interesting to note that, after 6 months, serum PTH slightly increased in the C, but
decreased in the S and D groups’ participants, becoming significantly lower in the S group
compared to baseline, again as expected due to calcium supplementation. Other studies
have also shown a reduction in serum PTH and increases in 25(OH)D upon calcium and
vitamin D supplementation [55,56], although the data are not consistent for dairy foods
in young women [57]. As often reported, maintaining lower PTH improves other CVDs
risks outcomes and PTH in older individuals has been posited as vasculo-toxic in its own
right [58,59]. Since all participants in our study had normal baseline levels of serum PTH,
the clinical importance of this change might not be relevant, other than possibly for BP, as
discussed above.

Regarding the mechanism of dairy foods mediating weight/adiposity and subsequent
cardiometabolic risk factors, in addition to calcium, several other dairy components have
been considered, all possibly acting synergistically. Although sometimes controversial,
they include whey peptides [60], conjugated linoleic acid [61], and branched chain amino
acids [62]. Other contributing factors include the regulation of appetite via calcium and its
absorption of fatty acids [41], or improvement of metabolic activity in gut microbiota [31].
Some health benefits have been attributed to milk itself, including those for type 2 di-
abetes [63], colorectal and prostate cancers, and blood pressure [64]. Conversely, other
studies showed higher mortality in both men and women, as well higher incidence of
fractures in women [8] or higher incidence of prediabetes and diabetes [65] with higher
milk consumption. Some of these unfavorable effects associated with high milk consump-
tion could be attributed to its galactose content (a proinflammatory monosaccharide [9]).
However, most of these studies were observational cohort studies and should be inter-
preted with caution. Overall, there is abundant evidence (corroborated also with our
findings) that points to the collective beneficial roles of dairy foods acting on multiple
levels and improving the outcomes of several chronic diseases. Some of these include
cardiometabolic diseases (e.g., reducing blood pressure, decreasing diabetes and metabolic
syndrome risks [63,66,67]) and obesity (e.g., by inhibiting lipogenesis [40]).

There are several limitations, as well as strengths, to our study. There was a consider-
able attrition rate as well as missing data points. It is well established that the problems
with adherence to the study protocol and fidelity are inherent in any human study with
intervention and follow-up. Multiple measures were employed to counteract the above
mentioned adversities and were described in the original study [22]. It was recently re-
ported [68] that the manipulation of missing data could be problematic. Therefore, in order
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to obtain more straight-forward results, in this secondary analysis, we used only complete
data sets without substituting for missing data, which could have decreased the power even
more. However, the interventional study with yogurt (used for our power estimation [31])
resulted in significant positive outcomes in serum lipids with n = 30 participants/group.
Our study was conducted in Caucasian overweight/obese early postmenopausal women
(as per inclusion criteria), which limits the generalizability, but increases the homogene-
ity of the study, particularly regarding the cardiometabolic risk factors that are different
among different ethnic and sex groups (e.g., Caucasian vs. African Americans or women vs.
men). The actual/objective measurements (bone and body composition, blood and urine
sample analyses) and extensive data collection on other lifestyle factors (including dietary
and physical activity assessments) enabled the comprehensive analyses and inclusion of
multiple confounders.

5. Conclusions

The results from this secondary analysis show that hypocaloric diets with Ca + vitamin
D supplements (S) and/or low-fat dairy foods (D) during the 6-month intervention resulted
in better outcomes of some cardiometabolic risk factors compared to only hypocaloric diets
in control (C) group, although the latter group experienced some favorable changes as well.
This is in view of the participants’ moderate weight and body fat loss, as detailed earlier [22],
and lower than what was reported in some other studies with a similar design [69].

Despite some controversies concerning the role of dairy foods, including milk and
calcium/vitamin D supplements in some health issues, our study supports the notion
that the adequate intake of either dairy foods or calcium/vitamin D, as complements
to hypocaloric diets may protect against or improve cardiometabolic diseases risks in
overweight/obese postmenopausal women.
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