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ABSTRACT 
 

The inclusion of low or non-fat dairy products which additional calcium in the diet may promote 
increased weight loss and improve insulin resistance. Therefore supplementing dairy products to 
obese subjects on a caloric restricted diet may be a useful strategy to enhance weight loss and 
improve insulin resistance. We therefore tested the short term effects of supplementing 56 
overweight or obese (body mass index [BMI] >26 kg/m2) post menopausal women on a caloric 
restricted diet (1,400 kilocalories [kcal]) with two levels of dairy as yogurt on body composition, 
blood insulin, leptin and glucose concentration. The group consuming four supplemented dairy 
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servings (DS-4) group were provided ~1400 mg Ca/day, and the group consuming two 
supplemented dairy servings (DS-2) were provided ~800 mg Ca/day.  
Over the 3-months daily energy intake averaged 51% carbohydrate, 20.7% of protein and 27.6% of 
fat for both groups. At 3 months, the DS-4 group demonstrated decreased weight (87.7 to 86.2 kg, 
P=0.001), BMI (33.5 to 32.8 kg/m2, P < 0.001), total fat (36.1 to 34.7 kg, P<0.001), trunk fat (18.3 
to 17.6 kg, P < 0.001). There were non-significant decreases in plasma glucose (74.7 to 71.1 
mg/dl, P=0.494), leptin (32.5 to 31.3 µg/L, P=0.231) and insulin. For the DS-2 group there was 
decreased weight (86.4 to 84.4 kg, p<0.02), BMI (32.5 to 31.8 kg/m2, P=0.002), total fat (37.3 to 
35.4 kg, P=0.003), trunk fat (17.1 to 16.5 kg, P = 0.27) and plasma leptin (27.8 to 25.2 µg/L, 
P=0.114). The DS-2 group demonstrated a surprising and significant increase in the fasting blood 
glucose with a marginal significant increase in insulin resistance as measured by HOMA at 3 
months. We observed a significant treatment effect between the DS-2 and DS-4 groups for: % 
energy from fat (P=0.025), % energy from protein (P=0.047) and leptin (P=0.044).  
Our study demonstrated the expected weight loss with caloric restriction but a paradoxical increase 
in blood glucose levels with dairy supplementation provided to maintain baseline calcium intake. 
Increasing dairy supplementation abrogated this small increase in fasting blood glucose and insulin 
resistance. The benefits of dairy calcium supplementation may be dependent on both the dose and 
the context of over all caloric intake.  
 

 
Keywords: Hormones; calcium; weight loss; body composition; dual x-ray absorptiometry; human 

study. 
 
ABBREVIATIONS 
 
BIA : Bioelectrical Impedance Analysis  
BMI : Body Mass Index 
Ca : Calcium 
CHO : Carbohydrate 
CV : Coefficients of Variance 
DXA : Dual x-ray Absorptiometry  
DS-2 : Dairy 2 Servings 
DS-4 : Dairy 4 Servings 
HOMA-IR : Homeostatic Model Assessment 

Insulin Resistance 
Kcal : Kilocalories 
Kg : Kilograms 
NPQ : Nutrition Profile Questionnaire 
PAQ : Physical Activity Questionnaire 
 
1. INTRODUCTION 
 
Obesity is a pandemic health problem [1] 
associated with increased risk for several 
diseases, (e.g., heart disease, diabetes and 
other metabolic disorders). We now have an 
understanding that regulatory mechanisms for 
body weight and total body fat are achieved in 
part by signals which act primarily as 
determinants of satiety to self-limit the size of 
meals [2]. These short term signals have 
distinctive functions that differ from the long term 
regulators of energy homeostasis, i.e., insulin 
and leptin, which respond to energy consumed 
over prolonged periods of time to maintain body 
weight within narrow limits [2]. However, the 
short term signals can be overridden by the long 

term regulating signals. That is, the short term 
versus long term regulators have separate and 
distinctive functions.  
 
The animal study of Shi et al. [3] demonstrated 
that low dietary calcium increased blood glucose 
and insulin and these increases were prevented 
by medium and high dairy calcium diets [3]. It 
was hypothesized that a diet low in dietary 
calcium could exhibit a diabetegenic effect. 
 
Several human studies have provided evidence 
for an effect of dietary dairy products in 
increasing insulin sensitivity and modulating 
weight gain [4-7]. The Coronary Artery Risk 
Development in Young Adults (CADIA) study of 
young overweight adults, black and white, 
demonstrated that dietary patterns characterized 
by increased dairy consumption had an inverse 
association with insulin resistance in their study 
population. The longer term implications were 
that a high dairy diet could reduce risk for type             
2 diabetes and cardiovascular disease [5].  
Following on these studies, other research 
groups have provided evidence that dairy 
calcium functions as a short term signal for 
regulating insulin sensitivity.  
 
Harkness and Boony [8] proposed that low 
serum calcium and vitamin D may be a risk factor 
for abnormalities in glucose homeostasis. The 
avenue for this control of glucose may involve 
more than one pathway, as extracellular calcium 
appears to be necessary for insulin-stimulated 
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leptin secretion and uptake or release from 
endogenous stores [9].   

 
Zemel et al. [7] reported that in the case of obese 
African-Americans on either a low (500 mg/day) 
or high (1200 mg/day) dairy calcium diet, there 
was weight maintenance and the high calcium 
dairy group had a reduction in circulating insulin.  
Others have not confirmed that dairy calcium 
reduces circulating insulin [10] or insulin and 
leptin [11,12].  
 
In the current study we hypothesized that weight 
loss combined with a dairy supplement which 
increases dietary calcium in postmenopausal 
women would decrease body fat, body weight, 
plasma glucose and leptin concentrations, and 
homeostatic model of assessment - insulin 
resistance (HOMA-IR) compared to weight loss 
in women maintained on their baseline calcium 
intake. No previous study has explored weight 
loss and hormone response to dairy calcium in 
overweight/obese postmenopausal women. 
 
2. EXPERIMENTAL METHODS  
 
2.1 Subjects 
 
The study was a prospective, 3 month 
randomized, parallel trial on the effect of non-fat / 
low fat dairy calcium combined with energy 
restriction in overweight/obese postmenopausal 
women. The study by Cordero-MacIntyre et al. 
[13] was used to calculate the power and 
percentage of estimated weight loss in the 
current study. 
 
In the current study, eighty-six overweight/obese 
postmenopausal women were recruited through 
mail (volunteers had participated in previous 
studies and had indicated willingness to be 
notified if other studies were conducted at Loma 
Linda) and flyers were posted in Loma Linda and 
Riverside, CA in a variety of areas including 
clinics, beauty stores, post offices and churches. 
Subjects were interviewed by the research 
coordinator and the decisions regarding 
suitability for participation in the study were made 
in consultation with the principal investigator. 
  
Initial screening was conducted through 
telephone interviews and group meetings with 
the investigators during which the study was 
explained, consent forms signed, and brief 
medical, physical activity, and diet histories were 
obtained. A physician obtained a more extensive 
medical history during follow-up sessions, along 

with a physical examination, and cleared the 
participants for participation in the study.  
 
The inclusion criteria were as follows: age (37-75 
and either surgically or naturally 
postmenopausal); sex (female); BMI (>25 kg/m2), 
stable diabetes status (known to have diabetes 
type II for no more than five years); stable 
medication for at least 3 months and dietary 
habits (omnivores and lacto-ovo-vegetarians). 
 
Exclusion criteria included: vegans; < 2 
servings/day of dairy products,  participation in 
any weight loss program, history of active alcohol 
and drug abuse, impaired mental condition, 
current glucocorticoid therapy use, history of 
hypersensitivity to dairy products present in the 
research diet, clinically relevant cardiovascular 
disease, pacemaker, hepatic, neurologic, 
endocrine; or other major systemic disease.  

 
A meeting was held for all recruited subjects in 
which the trial was again explained in full detail. 
Subjects were consented and then evaluated by 
the study physician. Qualified subjects were 
instructed to discontinue use of any calcium 
supplements two weeks before the beginning of 
the study. All participants were provided with 
instructions on maintaining a caloric restricted 
diet to provide 1400 kcal per day. Participants 
were then randomized using a randomization 
table [14]. Starting randomly in the table each 
subject was assigned to either group (DS-4) or 
group (DS-2) depending on whether the random 
number was even or odd. Participants in the DS-
4 group (~1400 mg/day of Ca) were instructed to 
consume the equivalent of four 8 oz servings of 
plain yogurt and the DS-2 group (~800 mg/day of 
Ca) to consume an equivalent of two 8 oz 
servings (each 350 mg of calcium) plain yogurt 
daily. The participants were allowed to have any 
non/low fat dairy products as long as they 
maintained the of calcium requirements of this 
study.  

 
Blood, anthropometrics (height, weight, waist and 
hip circumferences), bioelectrical impedance 
analysis (BIA) and dual X-ray absorptiometry 
(DXA) were performed at baseline before the 
intervention and again at 3 months. Classes 
were offered once a month to reinforce 
compliance. These classes covered skills in 
changing eating habits, stress management, 
exercise and nutrition guided by the 
recommendations of the American Diabetes 
Association [15]. The diet provided carbohydrate 
(CHO) 50-55%, protein 15-20% and fat <30% 
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content. The study was approved by Loma Linda 
University and the University of Connecticut 
Institutional Review Boards. 
 
2.2 Total Dietary and Dairy Intake 
 
Dietary intake was measured by Nutrition Profile 
Questionnaires (NPQ), (Health Awareness 
Series, Wellsource Inc. of Clackamas, OR), once 
at baseline and again at 3 months. Three 24-hr 
recalls were collected from the participants by 
trained individuals during the intervention (2 
weekdays and one weekend during the 3 
months). Calcium intake was assessed using the 
NPQ food frequency questionnaire that was 
administrated once at baseline and again at 3 
months. Subjects also noted their daily dairy 
intake on forms provided, which included the 
serving size, type of dairy, flavor and amount. A 
booklet with most of the dairy products with 
amounts of calcium, calories, and fat was given 
to each volunteer to help them make correct 
choices and estimate their daily calcium intake 
with different dairy products. The coefficients of 
variance (CV) for the macronutrients and calcium 
consumed for all participants were % Energy 
Carbohydrates: 0. 171, % Energy Fat: 0.277, % 
Energy Protein: 0.231, and % Dairy Calcium: 
0.621. 
 
Physical Activity Questionnaires (PAQ), (Health 
Awareness Series, Wellsource Inc. of Clackamas, 
OR), which volunteers were trained to fill out at 
the first interview, were completed once a month. 
The PAQ included questions regarding the type, 
frequency and intensity of the different forms of 
exercise. Examples of calorie restricted menus 
with DS-4 versus DS-2 were handed out to the 
participants on the meeting day when the 
registered dietitian explained how to reduce 
calories and include dairy. 
 
2.3 DXA Protocol and Quality Control of 

DXA Data 
 
Whole body and regional scans were made with 
a QDR 4500-A densitometer (Hologic Inc., 
Waltham, MA). Certified technicians using 
standard subject positioning and data acquisition 
protocols carried out whole body scans. The 
scan time was approximately three minutes, and 
radiation exposure was 1.5 mrems (0.00015 
sieverts). Follow-up scans were performed at 3 
months using the standard protocol. The same 
trained technicians, using software version 
8.24a, performed the analysis of the scans at 
baseline and again at three months [16]. 

2.4 Anthropometry  
 
Anthropometric measurements including height, 
weight, and circumferences (waist, hip) were 
made to further characterize body shape and 
composition and muscle and fat distribution. All 
anthropometric measurements were made 
according to the Anthropometric Standardization 
Reference Manual [17]. Each of the 
measurements was taken three times by trained 
research assistants and these were then 
averaged. Trained individuals were assigned to 
carry out each of the anthropometric 
measurements. For each subject the 
measurements at baseline and at 3 months were 
carried out by the same research assistant. The 
CVs for body composition measurements were 
as follows:  weight= 0.207; BMI= 0.195; waist 
circumference= 0.154; trunk fat= 0.367; and total 
body fat= 0.305. 
 
2.5 Plasma Insulin 
  
Plasma insulin was measured by 
radiommunoassay using guinea pig antibodies to 
the porcine 125I-insulin (Linco Research Inc., St. 
Louis, MO) radioactive tracer. For this assay, the 
normal fasting range is 5-15 µU/ml and the 
difference between duplicate results of a sample 
should be <10%. The plasma samples and a 
human insulin standard were incubated with 
antibody and tracer for 4 hours at room 
temperature. Antibody-bound insulin was 
precipitated by a second antibody (goat anti-
guinea pig gamma globulin), 10% guinea pig 
serum and polyethylene glycol. The precipitated 
complex was counted in a gamma counter. 
Insulin was calculated using a standard curve 
[18]. The CV for insulin concentrations was 
0.767. 
 
2.6 Plasma Leptin 
 
Plasma leptin was measured using a 
competitive-binding radioimmunoassay (Linco 
Research Inc., St. Louis, MO). The mean leptin 
values (BMI ranges 18-25) in lean women is 
reported as 7.4±3.7 µg/L.  
 
2.7 Plasma Glucose 
 
Plasma glucose concentrations were determined 
in duplicate with an enzymatic method using  kits 
from Wako Diagnostics [19]. The normal values 
for fasting glucose are 70-110 mg/dL. Plasma 
glucose samples were added to the working 
solution mixed well, and incubated for 5 minutes 
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at 37ºC. Absorbance was measured at 505 nm. 
The CV for plasma glucose was 0.179. 
  
2.8 Homa-IR 
 
The homeostatic model assessment (HOMA) is 
used to estimate insulin resistance and β-cell 
function [20]. The equation for insulin resistance 
was derived by use of the glucose-insulin 
product, divided by a constant:  glucose (mmol/L) 
x insulin (mµ/L) / 22.5.  
 
2.9 Statistical Analyses 
 
All data were entered into a computer master file 
and analyzed using SPSS V12.0 (SPSS, Inc. 
Chicago, IL) for Windows. Double entry of data 
and cross-checking was carried out to assure 
error-free data.  Generalized linear mixed models 
(SAS Inst., Gary, NC, version 9.4, – Proc Mixed) 
were also used to evaluate the treatment effect 
(DS-4 calcium group versus DS-2 calcium group) 
regarding changes in weight and other 
anthropometric measurements over time 
because of the repeated measures design.  We 
used paired t-tests to compare three-month 
group means ± standard deviations (SD) to 
baseline group means ± SD within groups. All of 
the variables analyzed with the t-test were within 
acceptable limits of the underlying assumption of 
following a Gaussian distribution using the 
Kolmogorov-Smirnov normality test [21]. All t-test 
analyses were done 2-tailed. The p-values from 
a comparative non-parametric Wilcoxon Signed-
rank test did not differ appreciably from those of 
the t-tests. The chi-square test was used to 
compare the distribution of the demographics of 
the SD-2 calcium group to the DS-4 calcium 
group at baseline.  Analysis of variance was 
used to compare the mean weight loss ± SD 
among dairy tertiles. P-values < 0.05 were 
considered to be statistically significant. 
 
3. RESULTS 
 
Fifty-six of the original 86 subjects completed this 
3 month intervention. Table 1 shows the 
demographics of the subjects in both groups. 
Both the DS-4 and DS-2 groups had a 
randomized sample size of 28. This table further 
shows the distribution of the subjects’ ages, 
races, education levels, occupations, hormone 
replacement therapies, and dietary habits for 
each group. The results demonstrate that the 
randomization adequately balanced these 
characteristics between the two study groups. 

Table 2 shows the average macronutrient and 
calcium intake from dairy products for the 
subjects in both groups at baseline and during 
the 3 months of the intervention. Macronutrient 
intakes for both groups during the intervention 
were consistent with their habitual diets. During 
the intervention the subjects were in compliance 
with the guidelines for macronutrient intake. For 
both groups combined, the mean macronutrient 
composition during the intervention was 51% of 
calories from carbohydrates, 27.6% of calories 
from fat and 20.7% of calories from proteins.  At 
baseline both groups’ intakes of dairy products 
was > 2 servings/day (~800 mg calcium). During 
the 3 month intervention the subjects had good 
compliance with the amount of dairy intake 
depending on their assigned group. The DS-4 
group consumed ~1400 mg calcium daily and the 
DS-2 group consumed ~800 mg calcium daily.   
Both groups had a significant reduction in calorie 
intake (p<0.01) over the 3-month follow-up as 
expected because of the calorie restricted diets, 
whereas only the DS-4 group had a statistically 
significant increase in dietary calcium intake in 
the same follow-up period.  
 
Table 3 shows anthropometric data for subjects 
in both groups during the intervention. Weight, 
BMI, and total body fat showed a significant 
reduction over time for both groups. Trunk fat 
was significantly decreased in the DS-4 group 
but not in the DS-2 group.  
 
Table 4 shows the concentrations of glucose, 
insulin and leptin in both groups during the 
intervention. The DS-2 group had a significant 
increase in plasma glucose at 3 months while 
there were no other significant changes in the 
other parameters over time in either group, aside 
from the marginally significant increase in insulin 
resistance (HOMA-IR) in the DS-2 group. 
 
Table 5 shows the distribution of change in dairy 
calcium intake (3 months -baseline) for randomly 
selected study subjects separated into 
approximate tertiles. The cut points established 
from the unabridged frequency distribution at 
approximately 33% and 66% were zero and ~ 
500 mg respectively of additional calcium intake 
during the intervention. There were 31.4% of the 
randomly selected subjects in the < 0 (i.e. 
negative) group which means that these 11 
subjects (8 DS-2 calcium and 3 DS-4 calcium 
groups) decreased their intake of calcium at 3 
months compared to baseline which was in 
opposition to study protocol. The middle group of 
37.1% subjects consumed between 0-500 mg of 
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additional dairy calcium per day above baseline 
and the highest tertile of 31.4% subjects 

consumed >500 mg of additional dairy calcium 
per day above baseline. 

 
Table 1. Demographics of study participants 

 
Variable DS-2  

Group (%) 
n=28 

DS-4  
Group (%) 
n=28 

p-value 1 

Age (yrs) 
    <50 
     50-59 
     60+ 

 
5 (17.9) 
19 (67.9) 
4 (14.3) 

 
5 (17.9) 
14 (50.0) 
9 (32.1) 

 
 
0.26 

Race 
     White 
     Hispanic 
     Black 
     All others 

 
19 (67.9) 
4 (14.3) 
3 (10.7) 
2 (7.1) 

 
19 (67.9) 
4 (14.3) 
4 (14.3) 
1 (  3.6) 

 
 
0.92 

Education 
     High school or less 
     Some college/Trade school 
     bachelors, masters, doctorate 

 
4 (14.3) 
11 (39.3) 
13 (46.4) 

 
4 (14.3) 
14 (50.0) 
10 (35.7) 

 
 
0.69 

Occupation 
     Trade/Finance 
     Health care/medical 
     Services (secretary, operator, 
     hair stylist) 
     other (retired, homemaker) 

 
3 (10.7) 
12 (42.9) 
8 (28.6) 
 
5 (17.9) 

 
3 (10.7) 
13 (46.4) 
7 (25.0) 
 
5 (17.9) 

 
 
0.99 

Hormone replacement therapy * 
     Yes 
     No 

 
19 (67.9) 
9 (32.1) 

 
18 (64.3) 
10 (35.7) 

 
0.78 

Diet 
     Lacto-ovo-vegetarian 
     Non-vegetarian 

 
3 (10.7) 
25 (89.3) 

 
5 (17.9) 
23 (82.1) 

 
0.45 

* herbal over the counter hormone replacement therapy;  
1 p-values were created using the chi-square statistics 

 
Table 2. Habitual (Baseline) 1 and intervention diet (3 months) 1 

 
Subjects Total calories 

1 (Kcals) 
% energy 
CHO 

% energy  

fat 
% energy 
protein 

Dairy calcium 
(mg) 

DS-4  (n=28)  
Baseline 1934.4±573 51.5±5.8 25.0±7.0 22.9±5.0 827.8±453.6 
3 Months 1248.6±546 54.3±7.8 25.7±7.4 19.7±4.2 1340 ±494 
p-value 2 (P = 0.003) (P = 0.345) (P = 0.814) (P = 0.074) (P = 0.012) 
DS-2                                               (n=28) 
Baseline 2092.8±941.8 49.3±9.6 31.9±6.6 18.6±4.6 835.9±612.7 
3 Months 1353.1±499 49.3±9.5 30.0±8.5 20.4±5.1 861± 721 
p-value 2 
treatment effect 

(P = 0.001) 
 

(P = 0.995) 
 

(P = 0.298) 
 

(P = 0.273) 
 

(P = 0.904) 
 

p-value 3 (P =0.628) (P =0.229) (P =0.025) (P =0.047) (P =0.151) 
1 mean ± standard deviation;  

2 p-values created using the paired t-test;  
3 p-values created using the linear mixed methods for repeated measures 
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Table 3. Weight 1 (kg), BMI 1 (kg/m2), Waist circum ference 1 (WC cm), Trunk fat 1 (kg), and Total body  fat 1 (kg) 
 

Subjects  Weight  (kg)  BMI (kg/m 2) WC (cm)  Trunk fat  (%) Trunk fat (kg)  Total fat (%) Total body fat  (kg)  
DS-4 (n=28) 
Baseline 87.7±16.0 33.5±5.8 98.7±12.9 42.6±4.2 18.3±4.4 42.4±3.3 36.1±7.0 
3 Months 86.2±15.6 32.8±5.7 98.5±13.0 41.2±5.3 17.6±4.4 41.2±4.3 34.7±6.9 
p-value 2 (P = 0.001) (P < 0.001) (P = 0.801) (P = 0.269) (P < 0.001) (P = 0.216) (P < 0.001) 
DS-2                                                      (n=28) 
Baseline 86.4±18.9 32.5±6.6 95.4±14.9 39.0±7.3 17.1±7.1 41.1±4.8 37.3±12.4 
3 Months 84.4±19.6 31.8±6.9 92.2±15.6 38.3±8.2 16.5±7.6 40.4±5.7 35.4±13.4 
p-value 2 
Treatment effect 

(P = 0.002) (P = 0.002) (P = 0.09) 
 

(P = 0.363) 
 

(P =0.27) (P = 0.243) 
 

(P =0.003) 

P-value 3 (P=0.830) (P=0.623) (P=0.299) (P=0.311) (P=0.200) (P=0.438) (P=0.995) 
1 mean ± standard deviation;  

2 p-values created using paired t-test;  
3 p-values created using linear mixed methods for repeated measures 

 
Table 4. Glucose (mg/dl) 1, Insulin (µu/mmol)  1, Insulin resistance (HOMA- IR)  1,2  (mmol/L) and Leptin (µg/L)  1 

 
Subjects  Glucose (mg/dl)  Insulin (µu/mmol)  HOMA- IR (mmol/L)  Leptin (µg/L)  
DS-4                                                      (n=28) 
Baseline 74.7±31.9 21.9±13.3 4.1±3.4 32.5±9.9 
3 Months 71.1±12.2 19.6±17.1 3.5±3.4 31.3±9.6 
p-values 3 (P = 0.494) (P = 0.477) (P = 0.270) (P = 0.231) 
DS-2                                                                                                                           (n=28) 
Baseline 63.1±17.5 16.8±11.2 2.7±2.2 27.8±9.9 
3 months 76.0±13.7 16.2±9.1 3.1±2.1 25.2±11.1 
p-values3 
treatment effect 

(P < 0.001) 
 

(P = 0.559) (P = 0.050) 
 

(P = 0.114) 
 

p-values4 (P=0.206) (P=0.149) (P=0.126) (P=0.044) 
1 mean ± standard deviation 

2 HOMA-IR: IR= (glucose mmol/L) (insulin mu/L / 22.5) 
3 p-values created using paired t-test 

4 p-values created using linear mixed methods for repeated measures 
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Table 5. Tertiles of dairy calcium change (3 Months -baseline) intake for randomly selected 
subjects and weight loss (3 Months-baseline). (n=35 ) 

  
Variable  Tertiles  of 

calcium 
change 
(mg) 

DS-2 sample 
size (n) and 
% 

DS-4 sample 
size (n) and 
% 

Percent 
total 

Mean ± standard 
deviation for  
weight loss 

Dairy tertiles <0 (8) 44.4% (3) 17.6% 31.4 -1.09±2.7 
0-500 (8) 44.4% (5) 29.4% 37.1 -1.69±3.2 
> 500 (2) 11.1%  (9) 52.9% 31.4 -2.00±2.3 

p-value = 0.025  based on analysis of variance 
 
Although not statistically significant, likely 
because of the small sample size, there was an 
increased weight loss trend as the tertile of 
additional calcium intake from baseline increased 
during the intervention which may be clinically 
important.  
 
The physical activity questionnaire that was 
completed by participants on a monthly basis 
during the intervention illustrated that the 
participants were non-compliant in keeping their 
usual physical activity and intensity during the 
intervention. 
 
4. DISCUSSION 
 
In this randomized 3 month weight reduction trial 
we tested the effects of two levels of dairy 
supplementation in obese postmenopausal 
women that either maintained their baseline 
dietary calcium intake of ~ 800 mg Ca/day (DS-
2)  or provided an increased dietary calcium of 
~1400 mg Ca/day (DS-4) intake. We 
demonstrated a statistically significant weight 
loss in both groups.  The observed significant 
reductions for both groups in weight, BMI and 
total body fat are consistent with previous studies 
[10-12,22-30]. We found an unexpected and 
highly significant increase in the blood glucose 
level in the DS-2 group and marginal insulin 
resistance despite weight loss.   
 
The resulting blood glucose in the DS-2 group 
was small and consistent with levels found in the 
DS-4 at the 3 month period. The finding of an 
increase in the plasma glucose levels with a 
dairy supplement and increase in insulin 
resistance is consistent with a recent study by 
Tucker et al. [31]. 
 
The Tucker study found that women ingesting ~2 
servings of dairy had an increase in insulin 
resistance compared to those ingesting lower 
servings. In our study increasing dairy intake to 4 
servings of yogurt may have provided additional 

dairy factors such as whey protein and/or 
calcium to improve insulin resistance and 
abrogate the increase in plasm glucose. The 
beneficial effects of whey protein is supported by 
several studies, in which whey may have an 
insulinotropic effect and improve postprandial 
glycemic response [32-39]. The composition of 
protein in milk-based yogurt is primarily casein 
and whey proteins, which comprise 
approximately 80 and 20%, respectively, of the 
total protein fraction [40].  
 
In this trial, the DS-4 group had a significant 
reduction in trunk fat and this result is consistent 
with recent data demonstrating an effect of 
higher dairy calcium intake in decreasing in trunk 
fat [11,23,30,41-46]. A possible mechanism in 
the development and increase in abdominal 
obesity is the proposed role of autocrine 
production of cortisol in adipose tissue [7]. Based 
on this, the effect of calcium on trunk fat loss 
could reflect adipocyte loss.  Human adipose 
tissue expresses significant 11ß-hydroxysteroid 

dehydrogenase-1 (11ß-HSD-1) [47,48], 
producing cortisol from cortisone. The enzyme 
11ß-HSD-1 expression is increased in visceral 
tissue more than in subcutaneous adipose tissue 
[45,47,48]. It has been determined that 11ß-
HSD-1 is elevated in obese individuals [45].  
Additionally, there is reportedly central obesity in 
white adipose tissue of mice with selective over-
expression of 11ß-HSD-1 [49,50].  Furthermore,  

Kotelevstev et al. [51] demonstrated that 
homozygous 11ß-HSD-1 knockout mice were 
protected from central obesity.  
 
Supporting the thesis that increased dietary 
calcium may inhibit 11ß-HSD-1 and proving an 
interaction of calcitriol and cortisol obesity, Zemel 
et al. [52,53]  showed that 1,25-dihydroxyvitamin 
D reduces 11ß-HSD-1 expression and cortisol 
production in human adipocytes. Since HC diets 
are known to suppress 1,25-dihydroxyvitamin D 
levels, we suggest that loss of central adiposity 
on high dairy diets may mirror suppression of 
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1,25-dihydroxyvitamin D levels and thus lead to 
decreased cortisol production because of the 
reduced expression of 11ß-HSD-1.  This would 
result in attenuated local glucocorticoid action, 
particularly in the trunk region by visceral 
adipocytes [3]. This warrants further 
investigation.  
 

There was a clinically important trend for reduced 
plasma glucose, insulin, and leptin 
concentrations and insulin resistance after 3 
months in the HC group. In contrast, in the LC 
group there was a significant increase in glucose 
over time coupled with an increase in insulin 
resistance. The increases in glucose 
concentration and insulin resistance are 
consistent with the findings of Pereira et al. [5] 
who documented an inverse relationship 
between dietary intake of dairy and the 
development of obesity and abnormal glucose 
tolerance in overweight young adults. 
Additionally, Shi et al. [3] provide more 
supporting evidence from an animal model. 
Transgenic mice expressing agouti in adipose 
tissue under the control of a P2 promoter were 
evaluated. The mice were randomized to four 
different groups of calcium intake. The low 
calcium group exhibited increased blood glucose 
and hyperinsulinemia. Thus, a diet low in dietary 
calcium exhibited a diabetogenic effect in the 
transgenic mouse model. 
 
In the current study, the analysis of subjects in 
tertile categories with reference to supplemented 
dairy calcium intake on a daily basis compared to 
baseline intakes revealed a trend for increased 
weight loss with increased dairy calcium intake. 
These results are consistent with studies 
[7,11,23,30,41-46,54-57] that have shown that 
higher intake of calcium is associated with 
increased weight loss.  
  
Only a few studies have been conducted with 
dairy calcium to determine the effects of dairy 
calcium on plasma hormones (glucose, insulin 
and leptin) [5-7,55] and to our knowledge there 
are no reports for the effect of dairy calcium on 
hormones in postmenopausal women. Studies 
that have explored dairy calcium intake and 
hormones provide conflicting results. There are 
studies that demonstrate a decrease in glucose, 
insulin and insulin resistance with increased 
dietary intake [5-7,54].  On the other hand, others 
demonstrated a positive correlation of  increased 
dietary calcium and hormones [4]. Furthermore, 
some studies have reported that there is no 
effect of increased dietary calcium on plasma 
glucose and insulin or insulin resistance [10-12].  

In summary, we report that in a population of 
obese/overweight postmenopausal women 
supplementing their diet with dairy which 
provided a total estimated calcium intake of 
~1400 mg/day (i.e. DS-4) was successful in the 
reduction of trunk fat and plasma glucose, while 
dairy calcium and caloric restriction decreased 
weight, BMI, total body fat, and insulin and leptin 
during the intervention. In contrast, the 
supplemented group ingesting 800 mg/d of dairy 
calcium (i.e. DS-2) in combination with caloric 
restriction provided significant increases in 
plasma glucose and insulin resistance. In 
conclusion, the hypothesis that a combination of 
caloric restriction (1,400 kcal) in combination with 
either ~ 800 mg Ca/day or ~ 1400 mg Ca/day of 
dairy calcium would have different effects on 
body and plasma hormones (insulin, leptin) and 
plasma glucose concentrations is accepted.  

 
The main limitation of this study was the sample 
size because of the high rate of subject drop 
outs. Withdrawal rates of this magnitude are not 
unusual in studies that require a change in diet 
composition and quantity. We initiated the study 
with 86 subjects, but 30 subjects withdrew from 
the study citing inability to follow the prescribed 
diet for their group assignment on the basis of 
varied personal reasons. The demographics of 
this withdrawal group were not different in 
general from the subjects completing the study: 
(age distribution (p=0.41); race/ethnicity 
(p=0.70); education (p=0.50); occupation 
(p=0.06) [dropouts tended to be more in the 
“services” or “other” categories]; HRT (p=0.95); 
diet (p=0.11); BMI (p=0.12).   However, with this 
limitation, our findings in this overweight/obese 
post-menopausal population of women illustrate 
the effect of caloric restriction coupled with dairy 
calcium in improving hormonal profiles and 
promoting weight reduction.   

 

ACKNOWLEDGEMENT 
 
Initial study intervention was carried out at Loma 
Linda University in 2004. Analysis of plasma 
glucose and initial data analyses were conducted 
at the University of Connecticut, Storrs, CT in 
2005-2006. Final data analyses for Tables 2, 3 
and 4 were carried out at Loma Linda University, 
CA. in 2013. Financial Support: 

 
Funded by: The Center for Health Research. 
School of Public Health. Loma Linda 
University, Loma Linda, CA. 



 
 
 
 

Fakhrawi et al.; EJNFS, 6(1): 43-54, 2016; Article no.EJNFS.2016.006 
 
 

 
52 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Poirier P, Giles TD, Bray GA, Hong Y, 

Stern JS, Pi-Sunyer X, et al. Obesity and 
Cardiovascular Disease: Pathophysiology, 
evaluation, and effect of weight loss. an 
update of the 1997 American Heart 
Association Scientific Statement on 
Obesity and Heart Disease from the 
Obesity Committee of the Council on 
Nutrition, Physical Activity, and 
Metabolism. Circulation. 2006;113:            
898-918. 

2. Havel PJ. Peripheral signals conveying 
metabolic information to the brain: Short-
term and long-term regulation of food 
intake and energy homeostasis. Exp Biol 
Med. 2001;226:963-77. 

3. Shi H, DiRienzo D, Zemel MB. Effects of 
dietary calcium on adipocyte lipid 
metabolism and bosy weight regulation in 
energy restricted aP2-agouti transgenic 
mice. FASEB J. 2001;15:291-3. 

4. Sun G, Vasdev S, Martin GR, Gadag V, 
Zhang H. Altered calcium homeostasis is 
correlated with abnormalities of fasting 
serum glucose, insulin resistance, and B-
cell function in the Newfoundland 
population. Diabetes. 2005;54:3336-9.    

5. Pereira MA, Jacobs DR, Van Horn L, 
Slattery ML, Kartashov Al, Ludwig DS. 
Dairy consumption, obesity, and the insulin 
resistance syndrome in young adults. 
JAMA. 2002;287:2081-9. 

6. Chiu K, Chu A, Go VL, Saad MF. 
Hypovitaminosis D is associated with 
insulin resistance and beta cell 
dysfunction. Am J Clin Nutr. 2004;79:           
820-5. 

7. Zemel M, Richards J, Milstead A, 
Campbell P. Effects of calcium and dairy 
on body composition and weight loss in 
African-American adults. Obes Res. 2005; 
13:1218-25. 

8. Harkness L, Bonny AE. Calcium and 
vitamin D status in the adolescent: Key 
roles for bone, body weight, glucose 
tolerance, and estrogen biosynthesis. J Am 
Adolesc Gynecol. 2005;18:305-11. 

9. Cammisotto P, Bukowiecki LJ. Role of 
calcium in the secretion of leptin from white 

adipocytes. Am J Physiol Regul Integr 
Comp Physiol. 2004;287:R1380-R6. 

10. Bowen J, Noakes M, Clifton PM. Effect of 
calcium and dairy foods in high protein, 
energy-restricted diets on weight loss and 
metabolic parameters in overweight adults. 
Int J Obes Relat Metab Dis. 2005;29:           
957-65. 

11. Jacobsen R, Lorenzen JK, Toubro S, Krog-
Mikkelsen I, Astrup A. Effect of short-term 
high dietary calcium intake on 24-h energy 
expenditure, fat oxidation, and fecal fat 
excretion. Int J Obes Relat Metab Dis. 
2005;29:292-301. 

12. Thompson WG, Holdman NR, Janzow DJ, 
Slezak JM, Morris KL, Zemel MB. Effect of 
energy-reduced diets high in dairy 
products and fiber on weight loss in obese 
adults. Obes Res. 2005;13:1344-53. 

13. Cordero-MacIntyre ZR, Peters W, Libanati 
CR, Espana RC, Howell WH, Lohman TG. 
Effect of a weight-reduction program on 
total and regional body composition in 
obese postmenopausal women. Ann N Y 
Acad Sci. 2000;904:526-35. 

14. Hodgman CD, ed. CRC Standard 
Mathematical Tables. 12th ed., |Cleveland, 
OH. Chemical Rubber Publishing Co. 
1959;238-43. 

15. American Diabetic Association. Nutrition 
recommendation and principles for people 
with diabetes mellitus (position statement). 
Diabetes Care. 2001;24:S48-S50. 

16. Cordero-MacIntyre ZR, Peters W, Libanti 
CR, Espana RC, Howell WH, Lohman TG.  
Reproducibility of body measurements in 
very obese postmenopausal women.  In:  
In vivo body composition studies. Ann NY 
Acad Sci. 2000;904:536-38. 

17. Lohman TG, Roche, AF, Martorell R. 
Anthropometric Standardization Reference 
Manual (Abridged ed.). Champaign, IL. 
Human Kinetics Books; 1991. 

18. Cordero-MacIntyre Z, Metghalchi S, Rosen 
J, Peters W, Lohman TG, Fernandez ML.  
Impact of Weight Loss on Serum Leptin in 
Obese Postmenopausal Women. J Appl 
Res. 2004;4:60-7. 

19. Reljic R, Ries M, Ani N, Ries B. New 
Chromogen for assay of glucose in serum. 
Clin Chem. 1992;38:522-5. 

20. Matthews D, Hosker JP, Rudenski AS, 
Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: Insulin 
resistance and beta-cell function from 
fasting plasma glucose and insulin 



 
 
 
 

Fakhrawi et al.; EJNFS, 6(1): 43-54, 2016; Article no.EJNFS.2016.006 
 
 

 
53 

 

concentrations in man. Diabetologia. 1985; 
7:412-9. 

21. Chakravarti IM, Laha RG, Roy J. 
Handbook of Methods of Applied Statistics, 
Volume I, John Wiley and Sons. 1967;392-
394. 

22. Venti C, Tataranni PA, Salbe AD. Lack of 
relationship between calcium intake and 
body size in an obesity-prone population. J 
Am Diet Assoc. 2005;105:1401-7. 

23. Davies KM, Heaney RP, Recker RR, 
Lappe JM, Barger-Lux MJ, Rafferty K, et 
al. Calcium intake and body weight. J Clin 
Endocrin Metab. 2000;85:4635-8. 

24. Gunther C, Legowski PA, Lyle RM, 
McCabe GP, Eagan MS, Peacock M, et al. 
Dairy products do not lead to alterations in 
body weight or fat mass in young women 
in a 1-y intervention. Am J Clin Nutr. 2005; 
81:751-6. 

25. Shapses S, Heshka S, Heymsfield SB. 
Effect of calcium supplementation on 
weight and fat loss in women. J Clin 
Endocrin Metab. 2004;89:632-7. 

26. Bowen J, Noakes M, Clifton PM. High 
dairy-protein versus high mixed-protein 
energy restricted diets - the effect on bone 
turnover and calcium excretion in 
overweight adults. Asia Pac J Clin Nutr. 
2003;12:S52. 

27. Jensen L, Kollerup G, Quaade F, 
Sorensen OH. Bone minerals changes in 
obese women during a moderate weight 
loss with and without calcium 
supplementation. J Bone Miner Res. 
2001;16:141-7. 

28. Harvey-Berino J, Gold BC, Lauber R, 
Starinski A. The impact of calcium and 
dairy product consumption on weight loss. 
Obes Res. 2005;13:1720-6. 

29. Lin YC, Lyle RM, McCabe LD, McCabe 
GP, Weaver CM, Teegarden D. Dairy 
calcium is related to changes in body 
composition during a two-year exercise 
intervention in young women. J Am Col 
Nutr. 2000;19:754-60. 

30. Jacqmain M, Doucet E, Despres JP, 
Bouchard C, Tremblay A. Calcium intake, 
body composition, and lipoprotein-lipid 
concentrations in adults. Am J Clin Nutr. 
2003;77:1448-52. 

31. Tucker LA, Erickson A, LeCheminant JD, 
Bailey BW. Dairy consumption and insulin 
resistance:  The role of body fat, physical 
activity, and energy intake.  J Diabetes 
Res; 2015. DOI: 10.1155/2015/2069, Epup 
2015 Jan 29. 

32. Rice BH, Cifelli CJ, Pikosky MA, Miller GD. 
Dairy components and risk factors for 
cardiometabolic syndrome: Recent 
evidence and opportunities for future 
research. Review, Am Soci Nutr. Adv. Nutr 
2011;396–407. 

33. Akhavan T, Luhovyy BL, Brown PH, Cho 
CE, Anderson GH. Effect of premeal 
consumption of whey protein and its 
hydrolysate on food intake and postmeal 
glycemia and insulin responses in young 
adults. Am J Clin Nutr. 2010;91:966–75. 

34. Frid AH, Nilsson M, Holst JJ, Björck IM. 
Effect of whey on blood glucose and 
insulin responses to composite breakfast 
and lunch meals in type 2 diabetic 
subjects. Am J Clin Nutr. 2005;82:69–75.  

35. Ma J, Stevens JE, Cukier K, Maddox AF, 
Wishart JM, Jones K, et al. Effects of a 
protein preload on gastric emptying, 
glycemia, and gut hormones after a 
carbohydrate meal in diet-controlled type 2 
diabetes. Diabetes Care. 2009;32:1600–2. 

36. Nilsson M, Stenberg M, Frid AH, Holst JJ, 
Björck IM. Glycemia and insulinemia in 
healthy subjects after lactose-equivalent 
meals of milk and other food proteins: The 
role of plasma amino acids and incretins. 
Am J Clin Nutr. 2004;80:1246–53. 

37. Calbet JA, MacLean DA. Plasma glucagon 
and insulin responses depend on the rate 
of appearance of amino acids after 
ingestion of different protein solutions in 
humans. J Nutr. 2002;132:2174–82. 

38. Nilsson M, Holst JJ, Bjorck IM. Metabolic 
effects of amino acid mixtures and whey 
protein in healthy subjects: Studies using 
glucoseequivalent drinks. Am J Clin Nutr. 
2007;85:996–1004. 

39. Fonseca V. Clinical significance of 
targeting postprandial and fasting 
hyperglycemia in managing type 2 
diabetes mellitus. Curr Med Res Opin. 
2003;19:635–41. 

40. Jensen RG. Handbook of milk 
composition. San Diego: Academic Press; 
1995. 

41. Denke MA, Fox MM, Schulte MC. Short-
term dietary calcium fortification increases 
fecal saturated fat content and reduces 
serum lipids in men. J Nutr. 1993;123: 
1047-53. 

42. Heaney R, Davies M, Barger-Lux J.  
Review; calcium and weight: Clinical 
studies. J Amer Col of Nutr. 2002;21: 
152S-5. 



 
 
 
 

Fakhrawi et al.; EJNFS, 6(1): 43-54, 2016; Article no.EJNFS.2016.006 
 
 

 
54 

 

43. Zemel MB, Shi H, Greer B, Zemel PC. 
Regulation of adiposity by dietary calcium. 
FASEB J. 2000;14:1132-8. 

44. Zemel MB. Mechanisms of diary 
modulation of adiposity. J Am Soc Nutr l 
Sci. 2003;133:252S-6. 

45. Zemel MB, Thompson W, Milstead A, 
Morris K, Campbell P. Calcium and dairy 
acceleration of weight and fat loss during 
energy restriction in obese adults. Obes 
Res. 2004;12:582-90. 

46. Zemel M, Richards J, Mathis S, Milstead A, 
Gebhardt L, Silva E. Dairy augmentation of 
total and central fat loss in obese subjects. 
Int. J Obes Relat Metab Dis. 2005;29:          
391-397. 

47. Seckl J, Walker BR. 11ß-hydroxysteroid 
dehydrogenase Type 1-a tissue-specific 
amplifier of glucocorticoid action. Endocrin. 
2001;142:1371-76. 

48. Rask E, Olsson T, Söderberg S, Andrew 
R, Livingstone DE, Johnson O, et al. 
Tissue-specific dysregulation of cortisol 
metabolism in human obesity. J Clin 
Endocrinol Metab. 2001; 86:1418-21. 

49. Masuzaki H, Paterson J, Shinyama H, 
Morton NM, Mullins JJ, Seckl JR, et al.  A 
transgenic model of visceral obesity and 
the metabolic syndrome. Sci. 2001;294: 
2166-70. 

50. Masuzaki H, Yamamoto H, Kenyon CJ, 
Elmquist JK, Morton NM, Paterson JM,            
et al. Transgenic amplification of 
glucocorticoid action in adipose tissue 
causes high blood pressure in mice. J Clin 
Invest. 2003;112:83-90. 

51. Kotelevstev Y, Holmes HM, Burchell A, 
Houston PM, Schmoll D, Jamieson P,              
et al. 11ß-hydroxysteroid dehydrogenase 
type I knockout mice show attenuated 
glucocorticoid-inducible responses and 
resist hyper-glycemia in obesity or stress. 
Proc Natl Acad Sci USA. 1997;94:14924-9. 

52. Zemel M, Sobhani T. Intracellular calcium 
modulation of cortisol production in human 
adipocytes.  FASEB J. 2003;17:A323. 

53. Morris K, Zemel MB. 1,25-dihyroxyvitamin 
D3 modulation of adipocyte glucocorticoid 
function. Obes Res. 2005;13:670-77. 

54. Zemel MB. Role of calcium and dairy 
products in energy partitioning and weight 
management. Am J Clin Nutr. 2004;79: 
907S-12. 

55. Scragg R, Sowers M, Bell C. Serum 25-
hydroxyvitamin D, diabetes, and ethnicity 
in the third national health and nutrition 
examination survey. Diabetes Care. 2004; 
27:2813-8. 

56. Christensen R, Lorenzen JK, Svith CR, 
Bartels EM, Melanson EL, Saris WH, et al. 
Effect of calcium from dairy and dietary 
supplements on faecal fat excretion: A 
meta-analysis of randomized controlled 
trials. Obesity Reviews. 2009;10: 475–486. 

57. Huang L, Xue J, He Y, Wang J, Sun C, 
Feng R, et al. Dietary Calcium but not 
elemental calcium from supplements is 
associated with body composition and 
obesity in chinese women. PLoS ONE 
2011;6:12, e27703. 

 

© 2016 Fakhrawi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  


