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Effects of dairy intake on bodX weight and fat: a meta-analysis of

randomized controlled trials’
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ABSTRACT

Background: Some intervention studies have suggested that dairy
products may influence body weight, but the results remain contro-
versial.

Objective: We identified and quantified the effects of dairy consump-
tion on body weight and fat mass from randomized controlled trials
(RCTs).

Design: We conducted a comprehensive search of PubMed and EM-
BASE databases (to April 2012) of English reports of RCTs regarding
dairy consumption on body weight, body fat, or body weight and body
fat in adults. The results across studies were pooled by using a random-
effects meta-analysis.

Results: Twenty-nine RCTs were included with a total of 2101
participants. Overall, consumption of dairy products did not result
in a significant reduction in weight (—0.14 kg; 95% CI: —0.66, 0.38
kg; I = 86.3%). In subgroup analysis, consumption of dairy prod-
ucts reduced body weight in the context of energy restriction or short-
term intervention (<1 y) trials but had the opposite effect in ad
libitum dietary interventions or long-term trials (=1 y). Twenty-two
RCTs that reported results on body fat showed a modest reduction in
the dairy group (—0.45 kg; 95% CI: —0.79, —0.11 kg; I* = 70.9%),
and further stratified analysis indicated significant beneficial effects of
dairy intervention on body fat in energy-restricted or short-term trials
but not in long-term or ad libitum studies.

Conclusions: This meta-analysis does not support the beneficial
effect of increasing dairy consumption on body weight and fat loss
in long-term studies or studies without energy restriction. However,
dairy products may have modest benefits in facilitating weight loss
in short-term or energy-restricted RCTs. Am J Clin Nutr
2012;96:735-47.

INTRODUCTION

The prevalence of overweight and obesity has increased
dramatically in the United States and around the world (1, 2).
Thus, weight control is a national and global priority. It has been
postulated that the consumption of dairy products may facilitate
body weight and fat loss (3) because dairy products contain cal-
cium, protein (casein and whey), and other bioactive compounds
that may favorably affect energy balance.

Many randomized controlled trials (RCTs) have been con-
ducted to determine the effect of dairy foods on weight loss and
body composition. However, results have been inconsistent (4-9).
Discrepancies in results might be due to small sample sizes, in-
sufficient study durations, differences in study design, and the

diversity of study populations. Thus, a meta-analysis is needed to
increase the statistical power and enhance the precision of estimates
across multiple modest-sized trials. Recently, a meta-analysis (10)
on this topic was published, but a number of eligible studies were
not included, and the result from one trial was repeatedly used.
These methodologic issues may have led to biased results, and
incomplete study selection may have impaired the statistical
power to detect influential factors on the pooled estimates, such as
study duration. Therefore, to achieve a more precise estimation of
effects across trials, we performed a systematic review and meta-
analysis on RCTs to evaluate whether increasing the consump-
tion of dairy products could promote weight loss.

METHODS

Data sources and searches

This meta-analysis was conducted after a review protocol (11).
We searched PubMed (http://ww.nlm.nih.gov/pubs/factsheets/
pubmed.html) and EMBASE (http://www.embase.com) data-
bases for clinical trials published from January 1966 to April
2012 that described the effects of dairy products on body weight
and composition in adults. We specified 2 comprehensive search
themes. The first theme identified relevant terms for dairy by
combining exploded versions of the Medical Subject Headings
terms dairy products, dairy, milk, calcium, cheese, and yogurt
and corresponding key words in titles and abstracts. The second
theme identified terms related to body weight by combining weight
loss, weight reduction, weight change, body fat, or adiposity and
corresponding key words in titles and abstracts. The third theme
identified terms related to randomized controlled trials by com-
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bining the Medical Subject Headings term intervention studies and
corresponding key words in titles and abstracts. Additional articles
were identified from the reference lists of included studies and
relevant reviews. See “Supplemental data” in the online issue for
a detailed search strategy.

Study selection

We included RCTs with either a parallel or a crossover design
that were conducted in adults aged =18 y. Dairy products should
have been used as the main intervention but not as part of a multi-
component dietary supplement in either experimental or control
groups, the intervention in control groups was not soy milk, and
participants had to consume dairy products for =4 wk. Furthermore,
data on changes of body weight or fat mass in both experimental and
control groups were extracted from the report or obtained from the
authors. We included English-language articles only.

Data extraction and quality assessment

We extracted the following information from each study:
authors, publication year, geographic location, funding sources,
sample size and attrition, intervention and control regimens, study
duration, study design (crossover or parallel), analysis strategy
(intent-to-treat or per-protocol analysis), and participant in-
formation (age, sex, and baseline intake). We used the Jadad score to
assess study quality (12). Trials scored one point for each item
addressed in the study design, including random assignment,
blinding, description of withdrawals and dropouts, methods of
random assignment, and double-blinding status, which generated
a scale from O to 5. Higher numbers represented the better quality of
a given study. Because double blinding was almost not possible in
this type of trial, studies with a Jadad score =3 were defined as high
quality, and the rest of the studies were classified as low quality.

Most of the RCTs showed the intervention dose in servings per
day. In 6 studies (13-18) in which dairy interventions were not
shown in servings per day, we standardized units to servings per
day, which was equivalent to 240 mL or 8 oz in volume or 452 mg
Ca or 8.4 g protein in nutrient content per day according to the
USDA national nutrient database for standard reference (19). In 2
studies (17, 20), participants were randomly assigned to a control
group or medium- or high-dairy groups; thus, we combined me-
dium- and high-dairy groups as the intervention arm with relevant
data provided by the authors.

We extracted the means and SDs of changes from baseline to
endpoint (both intervention and control arms) from all studies.
SDs were calculated from SEs or CIs when necessary; for articles
with missing SDs for measurements of change (4, 13, 16),
change-from-baseline SDs were imputed by using the correlation
coefficient method referenced in the Cochrane Handbook for
Systematic Reviews of Interventions (21). We used the average
correlation coefficient of 0.96 between baseline and endpoint
measurements, which was estimated from all other included studies
with available data. A sensitivity analysis indicated that results were
not substantially altered by removing the 3 studies with imputed
values.

Meta-analysis and statistical analysis

The estimate of the principal effect was defined as the mean
difference (net change in kilograms) in body weight and body fat

mass between participants assigned to dairy products and par-
ticipants assigned to control regimens. Cochran’s Q test was
conducted to test the statistical heterogeneity of treatment ef-
fects between studies (P < 0.1). We also examined the P sta-
tistic, and I > 50% was considered to indicate a significant
heterogeneity across trials (22). Results were presented by using
the random-effects model because high heterogeneities were
shown in most cases, and we repeated the analysis by fixed-
effect models if there was a low heterogeneity (P < 50%) (21).
Potential publication bias was examined by using funnel plots in
which SEMs of the studies were plotted against their corre-
sponding effect sizes (21). Meta-regression was implemented to
examine characteristics of studies that were hypothesized to
influence observed treatment effects (23), including energy re-
striction (yes or no), intervention dose (<3 or =3 servings/d), study
duration (<1 or =1 y), baseline BMI (in kg/mz; <25 or =25),
funding sources, study quality (high or low), and sex (men,
women, or both). Sensitivity analyses were also conducted to
evaluate the impact of individual studies on overall pooled esti-
mates and heterogeneity. The meta-analysis was performed with
STATA software (version 11.0; StataCorp).

RESULTS

Results of literature search

The literature search yielded 2028 citations (1106 from
PubMed and 1526 from EMBASE with 604 duplicate records);
among the citations, 139 articles remained for detailed full-text
evaluation after title and abstract screening. We excluded 110
studies on the basis of our study selection criteria, and details of
the study flow are depicted in Figure 1. One study (24) was
excluded because participants were on a severe energy-deficit diet
by reducing 7 MJ/d (1673 kcal/d) from their preintervention en-
ergy amounts. Finally, 29 citations met the inclusion criteria and
were included in the meta-analysis.

Characteristics of studies

Primary characteristics of the 29 included trials are shown in
Table 1. A total of 2441 participants were randomly assigned to
intervention or control regimens in these trials with a completion
rate of 84.4% (n = 2060). The sample size varied from 20 to 265
participants with a mean age range from 20.0 to 62.0 y (median:
41.4 y). The mean baseline BMI ranged from 20.2 to 43.0, and
24 trials enrolled overweight or obese participants. Of the 29
trials, 14 trials were conducted exclusively in women (5 trials
conducted in postmenopausal women, 8 trials conducted in
premenopausal women, and 1 trial that did not mention menopausal
status), 1 trial was conducted in men, and the other 14 trials
were conducted in both sexes, with 2 trials that reported results
separately by sex (4, 14).

Intervention regimens were diverse. Low-fat fluid milk was
evaluated in 7 trials (4, 17, 25-29); skimmed-milk powder was
used in 2 trials (30, 31); yogurt was used in 2 trials (7, 32);
yogurt, cheese, and milk were freely chosen as the intervention
in 11 trials (6, 8, 9, 14, 17, 33-38); a yogurt and milk com-
bination was used in 2 trials (5, 24, 39); and the remaining 5
studies (13, 15, 16, 20, 40) did not specify the intervention
regimen. The intervention dose (total dairy intake) varied from



META-ANALYSIS: DAIRY ON WEIGHT AND BODY FAT 737

PubMed search (n=1106)
EMBASE search (n=1526)

A 4

Search results (n=2028)

#| Duplicate (n=604)

Studies excluded after title and abstract screening

A A

Studies retrieved for detailed evaluation (n=139)

v

(n=1889)

Studies excluded by inclusion criteria:
Non-English articles (n=3)
Review (n=7)
Not RCT (n=5)
Participants” age <18 y (n=8)

v

to be included in the

meta-analysis (n=29)

Potential reports

> Not dairy as the intervention (n=61)
Multicomponent supplement (n=12)
Soymilk as control group (n=1)
Severe energy restriction (n=1)
Intervention period <1 mo (n=5)
Duplicate report (n=7)

No data (n=3)

v

A 4

Final reports included in the meta-analysis
(n=29)

Bibliographies and review (n=3)

FIGURE 1. Summary of evidence search and selection. Searched databases included PubMed (http://ww.nlm.nih.gov/pubs/factsheets/pubmed.html) and

EMBASE (http://www.embase.com). RCT, randomized controlled trial.

1 to 6.5 servings/d. A habitual diet or a calorie-restricted diet
with lower dairy consumption was chosen as the control reg-
imen in most studies. An isocaloric sucrose beverage or fruit
juice was provided to participants in control groups in 2 studies
(32, 39).

The trials lasted from 1 to 24 mo, with a median duration of 4
mo. Most of the trials used parallel study designs, and 2 trials (15,
39) used crossover designs. The quality of selected trials was
diverse, with 19 studies classified as high quality (Jadad score =3)
and 10 studies classified as low quality.

In 17 weight-loss trials, participants were instructed to reduce
their daily energy intakes to a certain amount below their energy
requirements. Caloric requirements were estimated individually
on the basis of resting metabolic rates and physical activity levels,

and energy deficits from 100 to 600 kcal/d were subtracted
from estimated caloric requirements in 16 of 17 studies. The
remaining one study (14) administrated isocaloric low-energy
diet plans for all participants regardless of their individual
energy requirements. Participants were instructed to keep
physical activity levels constant in the majority of trials except
in 2 studies, one of which (27) had a 2-by-2 factorial design that
included an exercise component, and in the other study (28),
milk was given in addition to exercise, whereas participants in
the control arm received only an exercise intervention. Most
studies were conducted in the United States (n = 17), and other
studies were conducted in Europe (n = 2), Canada (n = 3),
Australia (n = 2), Mexico (n = 1), Asia (n = 3), and Puerto
Rico (n = 1).
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Changes in weight and body fat

In 5 studies (26, 28, 29, 33, 34), data were analyzed by using
the intention-to-treat principle, whereas the other studies ana-
lyzed data in completers only. For this reason, a total of 2101
participants in 29 studies were included in the analysis of weight
change, and 1536 participants in 22 studies were included in the
analysis of changes in body fat.

There was no significant difference in body weight changes
between the dairy intervention and control groups (—0.14 kg;
95% CI: —0.66, 0.38 kg; Figure 2A); however, a significant
reduction that favored dairy products in body fat was shown
(—0.45 kg; 95% CI: —0.79, —0.11 kg; Figure 2B). A significant
heterogeneity was observed for both body weight (% = 86.3%)
and body fat (I* = 70.9%).

Subgroup analysis

Meta-regression analysis showed that energy restriction (P =
0.008) and study duration (P = 0.008) significantly influenced
pooled estimates. Therefore, we conducted subgroup analyses
according to these variables.

A significant reduction in body weight in the dairy group was
shown in studies that imposed energy restriction (—0.79 kg; 95%
CI: —1.35, —0.23 kg; I” = 38.5%; Figure 3A). On the contrary,
in studies without energy restriction, no significant effect of
dairy intervention was observed (0.39 kg; 95% CI: —0.36, 1.13
kg; I* = 89.7%). Similarly, body fat declined significantly in
energy-restricted trials (—0.94 kg; 95% CI: —1.53, —0.34 kg;
I? = 59.2%; Figure 3B) but not in studies without energy re-
striction (—0.12 kg; 95% CI: —0.71, 0.46 kg; P = 81.9%).

Study
D A body weight WMD 95% Cl(kg) Weight(%)
Baran et al, 1990 (13) —i—.— 080(-154,314) 256
Barr, 2000 (3) -’--o— 054 (030,138 461
Bowen et al, 2005 (14) —:o— 0.08(-2.10,226) 274
Buchowski et al, 2010 (15) —_— -130(-3.15,055) 3.16
Chee et al, 2003 (30) —{— -012(-090,066) 469
Faghih et al, 2011 (25) —0—5 -156(-2.61,-051) 4.31
Ghadirian et al, 1995 (16) —— 050(-069,169) 412
Gilbert et al, 2011 (26) —_— -215(-4.61,031) 243
Gunther et al, 2005a (17) —f— 031(-080,142) 423
Gunther et al, 20050 (18) —;D— 0.10(-2.15,2.35) 2.66
Harvey-Berino et al, 2005 {(33) + -230(-6.00,1.40) 145
Josse et al, 2011 (20) R 020(-2.00,240) 272
Kukuljan et al, 2009 (27) : —— 1.00{0.30,1.70) 4.78
Lau et al, 2001 (31) —— 0.78 (0.02, 154) 4.71
Manios et al, 2009 (5) : - 210(1.73,247) 5.10
Palacios et al, 2011 (8) —[—0— 1.00 (-1.95,3.95) 1.96
Rosado etal, 2011 (29) & -040(-063,-017) 5.18
Stanclifie et al, 2011 (36) - -150(-2.05,-095) 494
Thomas et al, 2010 (40) —[-—o— 160(-1.03,423) 226
Thomas et al, 2011 (32) _—— -140(-4.03,1.23) 226
Thompson et al, 2005 (34) , * 0.30 (-3.40,4.00) 1.45
Van Loan etal, 2011 (37) :' -030(-1.70,1.10) 3.81
van Meijl etal, 2010 (39) —to— 0.30(-0.69,1.29) 4.40
wWagner et al, 2007 (28) ——o— 160(-062,382) 2.70
Wennersherg et al, 2009 (38) *~— 0.00 (-0.94,0.94) 447
Zemel et al, 2004 (9) » - 447(-1045,151) 067
Zemel et al, 2005a (35) % 507 (-946,-068) 112
Zemel et al, 2005a(maintenance) (35) —_— -020(-1.73,1.33) 3.62
Zemel et al, 20050 (7) —_—— 164 (-317,-0.11) 361
Zemel et al, 2009 (8) _— -146(-3.19,027) 333
Overall (I-squared = 86.3%, p< 0.001) <> -0.14 (-0.66,0.38) 100.00
NOTE: Weights are from randorm effects analysis ‘
| | | I
-10 -5 0 5 10
Favors dairy Favors control

FIGURE 2. Net change (95% CI) in body weight (A) and fat (B) associated with dairy interventions expressed as the change (kg) during the intervention
with dairy products minus the change during control regimen. Horizontal lines denote the 95% Cls; solid diamonds represent the point estimate of each study.
The open diamond represents the pooled estimate of the intervention effect. The dashed line denotes the point estimate of the pooled result. ID, identification;

WMD, weighted mean difference.
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Study
ID B body fat WMD 95% Cl(kg)  Weight (%)
Bowen et al, 2005 {14) —IB-— -0.42(-2.17,1.33) 282
Buchowski et al, 2010 (15) —O—f' -1.30 (-2.31, -0.29) 5.59
Chee et al, 2003 (30) T 0.00 (-0.24, 0.24) 10.41
Faghih et al, 2011 {25) e -1.05(-2.22,0.12) 477
Gilhert etal, 2011 (26) —0:—— -0.64 (-2.79, 1.51) 2.04
Gurther et &, 20053 (17) | —— 0.90 (-0.09, 1.89) 572
Harvey-Berino et al, 2005 (33) —0—:— -2.30(-4.97, 0.37) 1.42
Josse etal, 2011 (20) —0-;—— -0.80(-2.51, 0.91) 292
Kukuljan et al, 2008 (27) : —— 0.66 (0.03, 1.30) 7.93
Lau et al, 2001 (31) : [ 0.56 (-0.01,1.13) 8.40
Palacios et al, 2011 (6) —_—— -0.04 (-2.26, 2.18) 1.94
Rosado et al, 2011 (29) : L -0.10(-0.23, 0.03) 10.79
Stancliffe et al, 2011 (36) — : -1.70(-2.50, -0.90) 6.80
Thomas et al, 2010 (40) :-—0— 2.00 {-0.35, 4.35) 1.76
Thomaset al, 2011 (32) —0—!—— -1.10(-3.53, 1.33) 1.67
Thompson et al, 2005 (34) * ; -1.50 (-5.07, 2.07) 0.84
Van Loan et al, 2011 (37) —_— -0.10(-1.45, 1.25) 4.03
Wennersherg et al, 2008 (38) ‘l—.— 0.10(-0.67, 0.87) 6.99
Zemel et al, 2004 (9) + : -2.35(-5.73,1.03) 0.93
Zemel et al, 2005a (35) + I -5.11 (-8.24, -1.98) 1.07
Zemel et al, 2005a{maintenance) (35) —O—E -1.99 (-3.20, -0.78) 4.60
Zemel et al, 2005h (7) —**—‘I"- -1.68 (-3.38, 0.02) 2.94
Zemel et al, 2009 (8) —0—:‘ -1.74(-3.21,-0.27) 3.61
Overall (-squared = 70.9%, p < 0.001) O -0.45(-0.79, -0.11) 100.00
NOTE: Weights are from random effects analysis i
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FIGURE 2. (Continued)

We also classified studies according to duration as short term
(<1 y duration) or long term (=1 y duration; Figure 4). Dairy
products significantly reduced body weight in the short-term
interventions (—0.47 kg; 95% CI: —0.90, —0.03 kg; P= 59.2%)
but moderately increased weight gain in long-term interventions
(0.66 kg; 95% CI: —0.14, 1.46 kg; P = 80.7%). Furthermore,
a significant reduction in body fat in the dairy group was shown
in short-term studies (—0.91 kg; 95% CI: —1.43, —0.38 kg; P=
70.3%), whereas no significant change was observed in long-
term trials (0.32 kg; 95% CI: —0.17, 0.81 kg; P= 59.5%).

Stratified analysis by both energy restriction and duration
indicated that dairy products significantly facilitated weight loss
in short-term trials with energy restriction, whereas a marginally
significant weight gain was observed in long-term trials without
energy restriction. For body fat, a significant reduction was
shown in short-term studies with energy restriction, whereas
a marginally significant weight gain was observed in long-term
trials without energy restriction. No significant difference was
observed in weight or body fat change between dairy and
control groups in short-term RCTs without energy restriction or
long-term energy-restricted RCTs. See Figure 1 under “Sup-
plemental data” in the online issue for forest plots.

Sensitivity analysis

We conducted several sensitivity analyses by excluding 1 RCT
that provided isoenergetic low-energy diet plans (14), 2 RCTs
(27, 28) that included a physical activity—intervention compo-
nent, 3 RCTs (3, 13, 16) for which change-from-baseline SDs
were imputed, 3 RCTs of <3-mo duration (16, 25, 39), and 10
RCTs for which the Jadad score was <3, respectively. For all
analyses, results were not substantially changed (data not shown).

We also carried out sensitivity analyses to explore heterogeneity.
After excluding the study of Stancliffe et al (36) from short-term
trials without energy restriction, the heterogeneity in that subgroup
decreased dramatically (? = 78.4-0.0%), and a similar impact of
the study of Manios et al (5) was observed on the heterogeneity of
long-term studies without energy restriction (P = 63.4-3.0%).

Publication bias

On the basis of a funnel plot (see Figure 2 under “Supple-
mental data” in the online issue) and Begg’s test, no significant
publication bias was shown in the meta-analysis of body weight
(P = 0.44) or body fat (P = 0.19) changes.



742 CHEN ET AL

Stucty .
D A body weight WMD 95% Cl(kg) Weight(%)
Without energy restriction |
Baran et al, 1990 (13) —f-—o— 0.80 (-1.54,5.14) 2.596
Barr, 2000 (3) T 0.54 (-0.30,1.38) 461
Chee et al, 2003 (30) b -0.12 (-0.90,0.66) 4.69
Ghadirian et al, 1995 (16) - 050 (-0.69,1.69) 412
Gunther et al, 2005a (17) —— 0.31(-0.80,142) 423
Gunther et al, 2005b (18) —:-v— 0.10(-2.15,2.35) 2.66
Kukuljan et al, 2009 (27) i| = 1.00 (0.30, 1.70) 4.78
Lau et al, 2001 (31) —— 0.78 (0.02, 1.54) 4.71
Manios et al, 2009 (5) | - 2.10(1.73,247) 5.10
Palacios et al, 2011 (6) —_— 1.00(-1.95,3.95) 1.96
Stancliffe et al, 2011 (36) o -1.50 (-2.056,-0.95) 4.94
van Meijl et al, 2010 {39) —f— 0.30(-0.69,1.29) 440
wWennersberg et al, 2009 (38) —— 0.00 (-0.94, 0.94) 447
Zemel et al, 2005aimaintenance) (35) + -0.20(-1.73,1.33) 3.62
Subtotal (I-squared = 89.7%, p < 0.001) «f:> 0.39 (-0.36,1.13) 56.83
With energy restriction :
Bowen etal, 2005 (14) — e 0.08 (-2.10, 2.26) 274
Buchowski et al, 2010 (15) + [ -1.30(-3.15,0.55) 3.16
Faghih et al, 2011 (25) —_—— -1.56 (-2.61,-0.51) 431
Gilbert et al, 2011 (26) —0-—5-- -2.15(-461,031) 243
Harvey-Berino et al, 2005 (33) ¢ . -2.30(-6.00,140) 145
Josse et al, 2011 (20) —— 0.20 (-2.00, 2.40) 2.72
Rosado et al, 2011 (29) 0{ -040(-0.63,-0.17) 5.18
Thomas et al, 2010 (40) ——l————— 1.60 (-1.03,4.23) 2.26
Thomas et al, 2011 (32) ~— -140(-4.03,1.23) 2.26
Thompson etal, 2005 (34) e 0.30(-340,400) 145
Van Loan et al, 2011 (37) —_— -0.30(-1.70,1.10) 3.81
Wagner et al, 2007 (28) -}—o— 160(-062,382) 270
Zemel et al, 2004 (9) g + -4.47(-1045,1.51) 067
Zemel et al, 20053 (39) g | -5.07(-946,-068) 1.12
Zemel et al, 2005b (7) ——] -1.64(-3.17,-0.11) 3.61
Zemel et al, 2009 (8) —_—— -146(-3.19,027) 335
Subtotal (I-squared = 38.5%, p = 0.058) <> -0.79(-1.35,-0.23) 4317

I
Overall (I-squared = 86.3%, p < 0.001) <> -0.14 (-0.66,0.38) 100.00
NOTE: Weights are from random effects analysis '

I 1 I [
-10 -5 0 5 10
Favors dairy Favors control

FIGURE 3. Net change (95% CI) by energy restriction in body weight (A) and fat (B) associated with dairy interventions expressed as the change (kg)
during the intervention with dairy products minus the change during the control regimen. Horizontal lines denote the 95% Cls; solid diamonds represent the
point estimate of each study. The open diamond represents the pooled estimate of the intervention effect. The dashed line denotes the point estimate of the

pooled result. ID, identification; WMD, weighted mean difference.

DISCUSSION

This meta-analysis does not support the beneficial effect of
increasing dairy consumption on body weight and fat loss in long-
term studies (=1 y) or studies without energy restriction. However,
dairy products may have modest benefits in facilitating weight loss
in short-term or energy-restricted RCTs.

The dairy—weight loss hypothesis has also been investigated
in a number of prospective epidemiologic studies. In a review
(41) of 9 prospective cohort studies on dairy consumption and
overweight and obesity in adults, the authors concluded that these
studies provide evidence of a suggestive but not consistent pro-
tective effect of dairy consumption on risk of overweight and
obesity. It should be noted that prospective cohort studies can

be susceptible to residual or unmeasured confounding by in-
dividual dietary components. Specifically, milk consumption
has often been associated with a better overall dietary profile
(42) and inversely associated with the consumption of sugar-
sweetened beverages, especially soda and fruit juice. A recent
study (43) in 120,877 US adults from 3 large cohorts showed
a null association between changes in consumption of most
dairy foods and long-term weight gains, whereas the increase
of yogurt intakes was inversely associated with weight gains.
Among studies included in our meta-analysis, only 2 trials used
yogurt as the intervention; one 3-mo RCT in 34 participants in-
dicated a significant benefit of 3 servings fat-free yogurt/d on weight
loss (body weight: —0.71 kg; 95% CI: —1.41, —0.01 kg; body
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Study
ID B body fat WMD 95% Clke)  Weight(%)
Without energy restriction
Chee et al, 2003 (30) R 0.00 (-0.24, 0.24) 10.41
Gurther et al, 2005a (17) T—— 0.90 (-0.08, 1.89) 872
Kukuljan et al, 2009 (27) L —— 0.66 (0.03, 1.30) 7.93
Lau et al, 2001 (31) ! f— 0.56 (-0.01,1.13) 840
Palacios et al, 2011 (6) _— -0.04(-2.26,2.18) 194
Stancliffe et al, 2011 (36) —— ! -1.70(-2.50,-0.80) 6.80
Wennersberg et al, 2009 (38) —t— 0.10 (-0.67, 0.87) 6.99
Zemel et al, 2005a({maintenance) (39) —_—— -1.99(-3.20,-0.78) 4.60
Subtotal (l-squared = 81.9%, p< 0.001) {> -0.12(-0.71,048) 5279
With energy restriction
Bowen et al, 2005 (14) ——— -042(-2.17,1.33) 282
Buchowski et al, 2010 (15) —— -1.30(-2.31,-0.29) 558
Faghih et al, 2011 (25) —0——- -1.08(-2.22,012) 477
Gilbert et al, 2011 (286) —_——— -064(-2.79,1.51) 204
Harvey-Berino et al, 2005 (33) _O—If-- -2.30(-4.97,037) 142
Josse et al, 2011 (20) —_— -0.80(-2.51,091) 292
Rosado et al, 2011 (29) 1 -0.10(-0.23,0.03) 10.79
Thomas et al, 2010 (40) [ —— 2.00 (-0.35, 4.35) 1.76
Thomas etal, 2011 (32) —_—— -1.10(-3.83,1.33) 167
Thompson et al, 2005 (34) - -1.50(-5.07,2.07) 084
“an Loan et al, 2011 (37) —— -0.10(-145,1.25) 403
Zemel et al, 2004 (9) < - -2.35(-5.73,1.03) 0893
Zemel et al, 2005a (39) +- -5.11(-8.24,-198) 1.07
Zemel et al, 2005b (7) >-— -1.668(-3.38,0.02) 294
Zemel et al, 2009 (8) —_— -1.74(-3.21,-0.27) 361
Subtotal (l-squared = 59.2%, p = 0.002) 0 -0.94(-1.83,-0.34) 47.21
Overall (l-squared = 70.9%, p< 0.001) é -045(-0.79,-0.11) 100.00
NOTE: Weights are from random effects analysis !
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FIGURE 3. (Continued)

fat: —0.68 kg; 95% CI: —1.37, 0.01 kg) (7), and the other
2-mo RCT in 29 individuals reported a nonsignificant weight
reduction of 3 servings fat-free yogurt/wk (body weight: —0.38
kg; 95% CI: —1.12, 0.35 kg; body fat: —0.32 kg; 95% CI: —1.06,
0.41 kg) (32). Long-term, high-quality RCTs are warranted to
further assess the effect of yogurt consumption on weight loss.
A meta-analysis (10) of RCTs on dairy intervention and weight
loss was recently published, but it included only 14 RCTs with
883 participants compared with 29 RCTs with 2101 participants
in our analysis. We have enrolled all RCTs included in the previous
meta-analysis except one study (44), which was a substudy of
another RCT (8), and the 2 publications were repeatedly used in the
previous meta-analysis; in addition, we were able to obtain ad-
ditional data from investigators for 2 studies (6, 20) in which
imputed data had been used in the previous meta-analysis. Our
literature search yielded 16 more RCTs that were not included
in the previous meta-analysis, and these RCTs were deemed
eligible for the meta-analysis on the basis of inclusion criteria.
Therefore, our meta-analysis provides a more comprehensive

view of the current literature. Because of the difference in the
total number of included studies, the study weight from each
study was significantly changed. In particular, study weights of
several RCTs (7-9, 34-36) from Zemel’s group were much
lower in our meta-analysis than in the previous meta-analysis.
Therefore, our results were stable and less influenced by in-
dividual studies. Overall, our analysis showed somewhat dif-
ferent results for weight change (—0.14 kg; 95% CI: —0.66,
0.38 kg) than the previous meta-analysis showed (—0.61 kg;
95% CI: —1.29, 0.07 kg). In addition, the larger number of
studies included in our meta-analysis enabled us to identify
a significant heterogeneity according to trial duration in ad-
dition to energy restriction that was reported in the previous
meta-analysis. Although hypocaloric interventions and short-
term trials tended to induce favorable effects of dairy on
weight loss, ad libitum interventions and long-term trials showed
less weight loss in dairy-intervention than in control groups. A
long-term and sustained weight loss is of greater public health and
clinical significance than a short-term weight loss is, and the
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Studhy

D A body weight

Short-term (<1y)

1
|
Lo

WMD 95% Cl(kg) Weight(%)

Barr, 2000 (3) | 0.54 (-0.30, 1.38) 461
Bowen etal, 2005 (14) —_— 0.08(-2.10,2.26) 274
Buchowski et al, 2010 (15) >— -1.30(-3.15,0.85) 3.16
Faghih et al, 2011 (25) —0—: -156(-2.61,-0.51) 4.31
Ghadirian et al, 1935 (16) —t— 0.50 (-0.69, 1.69) 4.12
Gilbert et al, 2011 (26) —o—!-- -2.15(-461,031) 243
Josse et al, 2011 (20) —_— 0.20(-2.00,240) 272
Palacios et al, 2011 (8) — 1.00(-1.95, 3.99) 1.96
Rosado et al, 2011 (29) 0} -040(-0.63,-0.17) 518
Stancliffe et al, 2011 (36) - -1.50 (-2.05,-095) 4594
Thamas et al, 2010 (40) —{-—o— 1.60(-1.03,423) 226
Thamas et al, 2011 (32) —_— -140(-4.03,1.23) 226
Van Loan et al, 2011 (37) —e— -0.30(-1.70,1.10)  3.81
van Meijl et al, 2010 (39) —'ro— 0.30(-069,1.29) 440
Wagner et al, 2007 (28) - 1.60(-062,3.82) 270
Viennersberg et al, 2009 (38) —{u— 0.00(-094,094) 447
Zemel et al, 2004 (9) + - -447 (-1045,151) 067
Zemel et al, 20052 (35) + I -5.07 (-946,-068) 112
Zemel et al, 2005a(maintenance) (35) —+n— -020(-1.73,1.33) 362
Zemel et al, 20050 (7) —_— -164(-3.17,-0.11) 361
Zemel et al, 2009 (8) —o—{-- -146(-3.19,0.27) 333
Subtotal (l-squared = 59.2%, p< 0.001) <) -047(-0.90,-0.03) 68.39

Long-term (21y)

I

I

|
Baran et al, 1990 (13) — - 0.80(-1.54,3.14) 256
Chee et al, 2003 (30) - -0.12(-0.90,0.66) 469
Gunther et al, 2005a (17) —e— 0.31(-0.80,142) 4.23
Gunther et al, 2005b (18) —— 010 (-2.15,2.35)  2.66
Harvey-Berino et al, 2005 (33) > - -2.30 (-6.00,140) 145
Kukuljan et al, 2009 (27) i| —— 1.00(0.30,1.70)  4.78
Lau et al, 2001 (31) - 0.78(0.02,1.54)  4.71
Manios et al, 2009 (5) | - 2.10(1.73,247)  5.10
Thompson et al, 2005 (34) o 030 (-340,4.00) 145
Subtotal (I-squared = 80.7%, p< 0.001) P - 066 (-0.14, 146) 3161
y |
Overall (I-squared = 86.3%, p< 0.001) <p -0.14 (-0.66,0.38)  100.00

I

1

NOTE: Weights are from randorm effects analysis
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FIGURE 4. Net change (95% CI) by study duration (short-term: <1 y; long-term: =1 y) in body weight (A) and fat (B) associated with dairy interventions
expressed as the change (kg) during the intervention with dairy products minus the change during control regimens. Horizontal lines denote the 95% Cls; solid
diamonds represent the point estimate of each study. The open diamond represents the pooled estimate of the intervention effect. The dashed line denotes the
point estimate of the pooled result. ID, identification; WMD, weighted mean difference.

results of this meta-analysis do not support increasing dairy con-
sumption as an effective way for long-term weight control.

The reasons for the heterogeneity of effects in different
subgroups are not entirely clear. One possible reason might
have been either differential compliance with the intervention
protocol between short and long trials or its relation with
energy restriction. Unfortunately, most studies did not provide
adequate data on compliance. In addition, an extra dairy intake
in ad libitum dietary intervention might have led to an increased
energy intake, which would have resulted in weight gains or
have offset the potential protective effect of the dairy intervention.
For example, in the study of Barr (3), the total energy intake from
two 3-d dietary records showed that participants assigned to the

dairy intervention group had ~ 100-kcal/d higher calorie intakes
during the study period than at baseline, whereas no substantial
change in the mean energy intake was observed in individuals in
the control arm. In contrast, caloric requirements were estimated
individually in most energy-restricted trials on the basis of resting
metabolic rates and physical activity levels, and thus, energy
intakes were better controlled. Therefore, the potential bene-
fits of dairy on body weight and body fat in energy-restriction
interventions could be interpreted as the effects of the sub-
stitution of dairy products for certain other foods.

There are several postulated mechanisms for the effect of dairy
products on body weight and fat. An increased calcium intake
may be beneficial for weight loss because a high calcium intake
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Study
ID B bo dy fat WMD 95% Cl(kg)  Weight (%)
Short-term (<1y)
Bowen et al, 2005 (14) —9-— -042(-2.17,1.33) 282
Buchowski et al, 2010 (15) —o—] -1.30(-2.31,-029) 539
Faghih et al, 2011 (25) T -1.05(-2.22,012) 477
Gilbert et al, 2011 (26) —— -064(-2.79,1.51) 204
Josse et al, 2011 (20) —0—— -0.80(-2.51,091) 292
Palacios et al, 2011 (6) —— -0.04(-2.26,2.18) 194
Rosado et al, 2011 (29) 14 -0.10(-0.23,0.03) 10.79
Stancliffe et al, 2011 (36) —— -1.70(-2.50,-0.90) 6.80
Thomas et al, 2010 (40) ———— 2.00 (-0.35,4.35) 1.76
Thomas etal, 2011 (32) —_— -1.10(-3.53,1.33) 167
“an Loan et al, 2011 (37) —H— -0.10(-1.45,1.25) 4.03
wennersberg et al, 2009 (38) —— 0.10(-0.67,087) 6.99
Zemel et al, 2004 (9) % -2.35(-5.73,1.03) 093
Zemel et al, 2005a (39) & ] -5.11(-8.24,-198) 1.07
Zemel et al, 2005a({maintenance) (35) —— | -1.99(-3.20,-0.78) 4.60
Zemel et al, 2008b (7) —0—'- -1.68(-3.33,002) 294
Zemel et al, 2009 (8) —p— -1.74(-3.21,-0.27) 361
Subtotal (l-squared = 70.3%, p< 0.001) <> -0.91(-1.43,-0.38) 65.29
Long-term 21y) I
Chee et al, 2003 (30) 14» 0.00 (-0.24, 0.24) 10.41
Gurther et al, 2005a(17) | —— 0.90(-0.09, 1.89) 5.72
Harvey-Berino et al, 2005 (33) 4 - -2.30(-4.97,0.37) 142
Kukuljan et al, 2009 (27) | ~— 0.66 (0.03, 1.30) 7.93
Lau et al, 2001 (31) ! =t 056(-001,113) 840
Thompson et al, 2005 (34) — -1.50(-5.07,2.07) 084
Subtotal (l-squared = 59.5%, p = 0.031) <> 032{-017,081) 34.71
Overall {l-squared = 70.9%, p< 0.001) ¢ -045(-0.79,-0.11) 100.00
NOTE: Weights are from random effects analysis ]
| | | |
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FIGURE 4. (Continued)

can reduce lipogenesis and stimulate lipolysis, probably via the
suppressing formation of 1,25-dihydroxyvitamin D and secretion
of parathyroid hormone or calciotropic hormones (45). Also,
calcium has been shown to combine with fatty acids in the in-
testine to form insoluble soaps, which leads to reduced absorption
of fat (46). Several RCTs have been conducted to investigate the
effects of calcium supplementation on body weight, and a recent
meta-analysis (47) of 7 calcium supplementation trials showed
a small but significant reduction in body weight that favored calcium
over a placebo (mean difference: —0.74 kg; 95% CI: —1.00, —0.48
kg). However, the largest study (48) included in the meta-analysis
did not find a significant effect of 2-y intervention using 1500-mg
Ca supplements/d on body weight or fat mass in overweight or
obese adults. Therefore, whether calcium supplementation has
a long-term effect on body weight remains unclear. Except for
calcium, other dairy constituents have also been proposed to
facilitate weight and body fat loss. For example, whey protein
may have some beneficial effects on muscle sparing and lipid
metabolism (49, 50), and conjugated linolenic acid may reg-

ulate adipogenesis, inflammation, and lipid metabolism (51).
Taken together, future research is needed to further illustrate
potential mechanisms of dairy products on body weight rele-
vant to energy restriction and intervention duration.

Several issues warrant additional discussion. First, the effects
of dairy on body weight and fat were not uniform because of the
substantial heterogeneity in individual studies that were due to
differences in study populations, study designs, and intervention
methods and durations. Second, most of the studies did not use
a double-blinded design because of practical reasons. Indeed, we
showed that the weight- and fat-reducing effects of dairy were
related to energy restriction and study duration. However, trials
that imposed energy restrictions were small in size and relatively
short in duration. In addition, influences of other factors such as
the quality of products and amounts of specific bioactive com-
ponents and their bioavailability could not be fully determined
because of a lack of information in most existing studies. Efforts
should be made to include a detailed nutrient content and com-
pliance rate in future studies.
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In conclusion, our meta-analysis does not support the bene-
ficial effect of increasing dairy consumption on body weight and
fat management in long-term studies or studies without energy
restriction. However, dairy products may have modest benefits in
facilitating weight loss when energy is restricted, but this effect
seems to be short and not sustainable.
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