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Summary

A systematic review and meta-analysis of cross-sectional and prospective cohort stud-
ies was conducted to assess the associations between total dairy consumption and its
different subtypes with the prevalence and incidence of overweight, obesity, and over-
weight/obesity in children and adolescents. A literature search was conducted in
Medline through PUBMED and Cochrane Library databases until October 18, 2021.
Articles reporting the risk estimates as odd ratios (OR), risk ratios (RR), or hazard ratios
and their corresponding 95% confidence interval (Cl) for the association between dairy
product consumption and the risk of overweight and/or obesity were included. In the
meta-analysis from cross-sectional studies, results showed an inverse association
between total dairy consumption and obesity prevalence (OR (95% Cl): 0.66
(0.48-0.91). No significant associations were found between milk or yogurt and
obesity prevalence risk. Regarding prospective studies, total milk consumption was
positively associated with overweight prevalence (OR (95% Cl): 1.13 (1.01-1.26)) and
incidence (RR (95%Cl): 1.17 (1.01-1.35)) risk. Evidence from pooled analysis of cross-

Abbreviations: BMI, Body mass index; CDC, Centers for Disease Control and Prevention; Cl, Confidence interval; FFQ, Food frequency questionnaire; HR, Hazard ratios; IOTF, International
Obesity Task Force; MOOSE, Meta-analysis of Observational Studies in Epidemiology; OR, Odds ratio; RR, Risk ratio; WHO, World Health Organization.
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adolescents.
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1 | INTRODUCTION

Childhood obesity has emerged as one of the most serious worldwide
problems. This is recognized by the World Health Organization
(WHO) which has included childhood obesity as a priority in the
2013-2020 Global Plan of Action for the prevention and control of
chronic noncommunicable diseases.® In fact, this institution has
already defined a set of global targets for detaining the increase of
obesity among children and adolescents by 2025. Recently, data from
a systematic review and meta-analysis? indicated that despite a recent
stabilization of the trend of increasing prevalence of excessive weight
during childhood in most European countries, the prevalence con-
tinues to be high. According to the latest Childhood Obesity Surveil-
lance Initiative (COSI) report, the prevalence of overweight and
obesity for boys and girls aged 6 to 9 years was 29% and 27%, respec-
tively, worldwide.® However, when considering Mediterranean coun-
tries, including Spain, more than 40% of children are estimated to
have overweight and obesity.

Childhood overweight and obesity are the result of a complex
interaction of biological, behavioral and environmental factors that
have an impact on the long-term energy balance.* Therefore, identifi-
cation of modifiable risk factors, including dietary components, is a
crucial step in the prevention of childhood obesity and its com-
orbidities. For example, in the last few decades, sugar-sweetened bev-
erage consumption has increased globally,” paralleling the rise in
childhood obesity.® It has been suggested that the increase in sugar-
sweetened beverage consumption has been associated with a decline
in dairy consumption.””® Displacement of dairy from the diet with
sugar-sweetened beverages could result in insufficient daily intake of
essential nutrients because, although the nutrient content varies by
type of dairy product, dairy, in general, provides a dietary source of
proteins, fat, calcium, phosphorus, vitamins, and other milk-derived
bioactive compounds important for good health.

10-14 101516 of epidemiological

A few reviews and meta-analyses
studies, exploring the potential relationship between the consumption
of dairy products and risk of obesity in children and adolescents, have
been published to date. Findings suggest an inverse or null relation-
ship between dairy product consumption and the prevalence or inci-
dence of overweight and obesity. However, these analyses present
with some methodological issues, for instance, the combination of
studies with different exposures (e.g., full fat milk and total milk) in
the total dairy product analysis*® or the inclusion of different out-

comes (obesity and abdominal obesity) together in the main

sectional studies suggested an inverse association between total dairy consumption
and obesity. However, there is limited and no conclusive evidence to confirm an

inverse relationship from pooled analysis of prospective studies in children and

adolescent, child, dairy, obesity

analysis.'> Moreover, since the publication of the last meta-analysis in
2016, new epidemiological studies evaluating these associations have
been published. Therefore, in order to update the evidence and clarify
the aforementioned limitations, the aim of this work was to systemati-
cally review and meta-analyze the associations between total dairy
consumption and its different subtypes with the prevalence and inci-
dence of overweight, obesity, and overweight/obesity in children and
adolescents.

2 | METHODS

2.1 | Search strategy and study selection

For the present systematic review and meta-analysis, we followed
the methodological guidelines of the Cochrane Handbook for
Systematic Reviews of interventions'” and results were reported
in accordance with the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) guidelines.'® The protocol was
registered at https://www.clinicaltrials.gov/ with the identifier
NCT04297722.

We conducted a comprehensive electronic systematic search of
two databases (Medline through PUBMED and the Cochrane Library)
until October 18, 2021, combining relevant MeSH terms and key
words. Table S1 depicts the detailed search strategy. Additionally, the
reference lists of the retrieved articles were manually reviewed to
ensure all relevant studies were identified.

First, duplicate studies from the identified articles through the
search strategy were discarded. Next, two independent reviewers
(LL and IPG or JFGG) performed an initial screening of the titles and
abstracts of the retrieved papers against eligibility. To aid in per-
forming this task, the online screening program, Abstrackr (http://
abstrackr.cebm.brown.edu/) was used. Cross-sectional or prospective
cohort studies, with at least 1 year of follow-up, were included if they
were conducted in children or adolescents (aged between 2 and
21 years old). Included articles had to reported risk estimates as odd
ratios (OR), relative risks (RR), or hazard ratios (HR) and their
corresponding 95% confidence intervals (Cl) for the association
between dairy product consumption (including total dairy products,
full-fat or low-fat total dairy, total milk, full-fat or low-fat milk, total
yogurt, full-fat or low-fat yogurt, and cheese) and the risk of over-
weight and/or obesity. We did not consider published abstracts or

proceedings for inclusion.
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2.2 | Data extraction

To verify that the articles which passed the initial title and abstract
screening process met the eligibility criteria, two independent
researchers (LL and IPG or JFGG) reviewed the full text. Additionally,
relevant information was extracted from articles that met inclusion
criteria using a standardized proforma. Collected data included
authors, article title, journal and year of publication, study name, par-
ticipant characteristics, sample size, follow-up (only for cohort stud-
ies), type of exposure, dietary assessment method, type of outcome
and assessment method, number of cases, statistical analyses, and
multivariable-adjusted risk estimates (OR, RR or HR, and 95%Cl) for
the association of interest. A third researcher (NB-T or SKN) was con-

sulted to provide consensus and solve any disagreements.

2.3 | Quality assessment of the included studies
Two different quality assessment tools were utilized to assess the
quality of the included studies. For cross-sectional studies, we used
The Study Quality Assessment Tool for Observational Cohort and
Cross-sectional Studies from the National Heart, Lung, and Blood
Institute.*”

For prospective cohort studies the Newcastle-Ottawa Scale®®
was used. This is a rating scale ranging from O to 9 points that are
given to the studies based on three domains, population selection,
outcome assessment, and comparability. Studies with a total punctua-
tion of at least 7 points were considered to be high quality (i.e., low
risk of bias). Any disagreement between researchers (MM and LL or
IPG and JFGG) was solved by consensus or consulting a third
researcher (NB-T or SKN). When additional information from included
articles was required for the analyses, the corresponding author was
contacted by e-mail.?!™3! We received responses from seven

22,24-26

authors, where two provided additional information relevant

for inclusion in the analyses.?>%?

24 | Outcomes

Obesity, using body mass index (BMI) as a proxy where applicable,
was the primary outcome. Secondary outcomes were overweight and
overweight/obesity combined. There is no standard worldwide BMI
cut-off point to define overweight and obesity in children. Hence,
most of the studies followed the international criteria suggested by
Cole et al. (2000)3? and (2007),3® which define overweight and obe-
sity based on age- and sex-specific BMI cut-off points that correspond
to the worldwide accepted cut-off points for defining overweight
(BMI 2 25 kg/m?) and obesity (BMI 2 30 kg/m?) in adults. Other stud-
ies used BMI percentiles as a cut-off point to define overweight or
obesity for the children and adolescents. For instance, the criteria pro-
posed by the Centers for Disease Control and Prevention (CDC)
growth charts for United States based on BMI-for-age cut-off point,
which defined overweight as BMI between the 85th and 95th

percentiles, and obesity as BMI greater than or equal to the 95th per-
centile. The China Obesity Task Force used the same criteria as CDC
to define overweight and obesity.>* One study also classified severe
obesity in children as BMI 2 99th percentile.>> Another possible defi-
nition is that proposed by WHO based on BMI-z scores for each spe-

cific age and sex.%®

Moreover, there are other specific national
definitions for each country.®”~#° Therefore, definitions were not
homogeneous across eligible studies since they used different

standards.

2.5 | Statistical analyses

All analyses were conducted using STATA software, versions 14.2 and
15 (StataCorp LP). The natural log-transformed ORs, RRs, and HRs
and 95% Cl comparing highest versus lowest categories of dairy prod-
uct consumption were pooled using the generic inverse-variance
method with fixed-effects or random-effects models when there were
five or fewer or at least five comparisons, respectively. Studies using
continuous risk per dose were excluded from the analyses, but their
findings were described within the text. Separate meta-analyses were
conducted for cross-sectional and prospective cohort studies.

For all meta-analyses, the Cochran Q statistic was used to esti-
mate interstudy heterogeneity and it was quantified by the I? sta-
tistic. We considered substantial heterogeneity as 1?2 50% and
Pheterogeneity < 0.10.

Subgroup analyses were not conduced as there were less than
10 studies per outcome available. Likewise, dose-response meta-
regression analyses could not be conducted due to the few studies
with applicable data available. Less than three studies reported suffi-
cient data to perform dose-response meta-regression, and we were
unable to obtain the missing information after several attempts to
contact the corresponding author of these papers.

Sensitivity analyses were conducted when more than three study
comparisons were available in the analyses by the removal of one
study at a time from the meta-analyses and recalculating the summary
risk estimates. We considered an influential study as one that changed
the evidence of heterogeneity or the magnitude by more than 20%,
the significance, and/or direction of the association.

Potential publication bias was not possible to be tested since less

than 10 study comparisons were included in each analysis.**

3 | RESULTS

3.1 | Study characteristics

A total of 4367 articles were identified after a primary search of
MEDLINE-PubMed and Cochrane databases as shown in Figure S1.
Of these, 4290 articles were excluded according to title and abstract
based on eligibility criteria. Therefore, 77 articles were collected as full

texts and were further assessed for inclusion. A total of 24 articles
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were included in the qualitative synthesis,”?1 73142751 4pd

159:22-242628,30.31,39.4042,4347.4851 (\which reported risk estimates

comparing extreme categories) were included in quantitative synthesis

Quality ®
3/9

meta-analyses (Figure S1). Two of the studies (DeBoer et al.” and
Huus et al.?%) conducted both cross-sectional and prospective cohort
analyses.

Follow-up?®
2.5 years

@
)
he] The characteristics of each study are presented in Table 1. This
p=}
% meta-analysis included a total of 101,330 subjects from different con-
° >
2 -*é g c .§ tinents: 10 studies were performed in America, 6 in Europe, 7 in Asia,
= o
S g § 8, E § and 1 in Oceania. The duration of follow-up in the prospective cohort
= - = — y
: § ® %’ B%D g studies ranged from 1 to 3.2 years. Most of them assessed dairy expo-
g § % % o) g sure through FFQs or using a 24-h dietary recall and evaluated the
= O [ c C=
3 ﬁ 3 © = % outcome according to Cole et al. (2000)*2 criteria or CDC growth
[}
% § charts.>? Some studies (i.e., Berkey et al..?? Abreu et al.,*? Nasreddine
= feut
E el ¥ g 5 et al.,?® Guo et al..* and Xu et al.>}) stratified the analysis by age or
IS o
g _§ E= 2 % S é’ sex. Consequently, we considered those results separately in the
~ N
§ é @ § é g ,‘% meta-analyses.
0 —
§ s 3z z5 & B Six studies (i.e., Huh et al.2® Olivares et al.,?” Beck et al., 2014%°
< 3 .
oy A e 3 ;‘ O'Sullivan et al.”® Beck et al., 20174 and Marcos-Pasero et al.?”)
';* % reported the estimate risk on a continuous scale, instead of categories
> E T of dairy consumption (i.e., highest versus lowest) and were not meta-
s ~ g S analyzed.
w 8 = d o
oS = @ J Z
88t & £ £
-8 F (@] 3 €
= o
g <&
_ 5 . .
5§ °o 3 3.2 | Cross-sectional studies
2 - =
= T ¢
Z’ £ U <]E) Figure 1 shows the superplot of cross-sectional findings, summarizing
5] g = a
; a g “g‘ the meta-analysis investigations for each of the different subgroups
=98 O . X . .
8 § w '% i of dairy products (i.e., total dairy, total milk, total yogurt, and cheese)
[9) =4
g & in relation to the prevalence of obesity, overweight, and overweight/
n 5 O . .
= e - obesity combined.
g $ 3
= 2 =
mo E (%]
mn “— o
< 3 &
e 8 3.21 | Total dairy products consumption and risk of
;s T . . . .
S g 2 obesity, overweight, and overweight/obesity
- [ wv
1] +
23 5 2
g ® % S Overall, total dairy consumption was associated with a 34% reduction
()
] 2 in obesity prevalence ris 6 Cl): 0. .48-0.91); Figure S2).
o = in obesit | isk (OR (95% Cl): 0.66 (0.48-0.91); Fi S2)
— o 9
% = é’. However, a nonsignificant association was observed between total
g c ‘g % % % dairy consumption and overweight risk (OR (95% CI): 1.04 (0.73-
] B 5 . . .
e g § -§ 5 L 1.49); Figure S3). When overweight and obesity were analyzed as a
> =) o
E é 3 5, ; § merged category, a nonsignificant association was also found between
B < § g total dairy product consumption and risk of overweight/obesity
DB g (OR (95% CI): 0.90 (0.76-1.08); Figure S4).
‘E é E @ Regarding the results on a continuous scale, Olivares et al.?’
= ] =]
§ § % % < § found a significant inverse association between total dairy consump-
o0
'*E 8 § é tion (g/day) and obesity risk (OR (95%Cl): 0.998 (0.997-0.998) and a
8 8 5 2 nonsignificant association between total dairy consumption and over-
= =N =
=9 % _§ z weight risk (OR (95%Cl): 1.02 (0.90-1.16)). Moreover, Marcos-Pasero
- g =
w o ko § ® g g et al.?” also found a significant 52% reduction in overweight/obesity
— © > >
) EER TS § risk (OR (95%Cl): 0.48 (0.29-0.75)) by total dairy consumption (one
< b I 8§52
- 22 serving/day).

BSUB017 SUOWILWIOD 3A1ER1D 3|t dde 3y Ag peueob a1e saoile YO BsN JO SaINI 0} Akeiq 17 8uluO A8|1A O (SUOIIPUOD-PLE-SLLLBYWI0D" AS | 1M Ale1q 11 IUO//SANY) SUONIPUOD PUe SWid L 8U) 39S *[202/20/9T] uo AriqiTauluo As|Im ‘erreneN ap pepisiAIUN Ad 00VET IGO/TTTT OT/I0P/W0d A8 |IMAseiqjpuluo//SANY Woi) pepeoiumod ‘TS ‘2202 X68LL9%T



10 of 17 Wl LEY— OBESITY BABIO ET AL.
Heterogeneity

Subgroup No. N OR [95% CI] Pooled OR [95% CI] % Peterogeneity P -value

Obesity
Total dairy 5 28,740 0.66 [0.48.0.91] —— 27.6 0.24 0.01
Total milk 6 78,128 0.90 [0.78, 1.05] - 33.1 0.19 0.17
Total yogurt 2 27,714 0.94 [0.50, 1.78] —_— - - -

Ovenweight
Total dairy 5 30,313  1.04 [0.73, 1.49] —— 75.6 <0.01 0.83
Total milk 5 77276 1.05[0.93, 1.20] - 220 0.27 0.43
Total yogurt 2 27,714 1.10[0.72, 1.68] R P 0 0.63 0.65

Ovenweight/Obesity
Total dairy 4 9,183  0.90 [0.76, 1.08] - 97.5 <0.01 0.25
Total milk 6 35,091 0.94[0.80, 1.10] —-— 66.5 0.01 0.43
Whole-fat milk 1 2,154 0.60 [0.39,0.78] — - - -
Low-fat milk 1 2,154 1.90 [1.40, 2.48] e — - - -
Total yogurt 2 1209 1.12[0.85, 1.48] —— 472 0.17 0.42
Cheese 3 8,565  0.86 [0.63, 1.16] — 14.4 0.31 0.31

0 ! 2 3
Benefit Harm
FIGURE 1 Superplot of cross-sectional studies

3.22 | Milk consumption and risk of obesity,
overweight, and overweight/obesity

We reported a nonsignificant association between total milk con-
sumption and prevalence of obesity risk (OR (95% Cl): 0.90 (0.78-
1.05); Figure S5), overweight/obesity risk (OR (95% CIl): 0.94 (0.01-
1.10); Figure S6), and overweight risk (OR (95% Cl): 1.05 (0.93-1.20);
Figure S7). We could not perform meta-analyses in the cross-sectional
studies by subtypes of milk, since only one study for each type!”*2 of
milk was identified (Figure 1). A significant 40% reduction in over-
weight/obesity risk (OR (95%Cl): 0.60 (0.39-0.88)) by whole-fat milk
consumption was reported in Nielsen et al.* as well as a significant
direct association between low-fat milk consumption and overweight/
obesity risk (OR (95%Cl): 1.9 (1.40, 2.48)). Moreover, Barba et al.?!
found that whole-fat milk was significantly associated with over-
weight risk (OR (95%Cl): 2.18 (1.30-3.66) for poor versus high cate-
gories of consumption). However, in this case, the highest
consumption category was taken as the reference; thus, it was not
possible to pool these results with those from Nielsen et al.

Regarding the cross-sectional results reported on a continuous
scale, a significant 11% reduction in obesity risk (OR (95%Cl): 0.89
(0.81-0.97)) by total milk consumption (oz/day) was reported in
Beck et al. (2017).** Moreover, Beck et al. (2014)*° reported a sig-
nificant inverse association between flavored (OR (95%Cl): 0.88

(0.80-0.96)) and whole-fat (OR (95%Cl): 0.92 (0.84-1.01) milk con-
sumption (per 240-ml serving/week) and obesity risk and a nonsig-
nificant association between low-fat milk consumption and obesity
risk (1.02 (0.98-1.07)).

3.2.3 | Total yogurt consumption and risk of
obesity, overweight, and overweight/obesity

A nonsignificant cross-sectional association was found between total
yogurt consumption and prevalence of obesity risk (OR (95% Cl): 0.94
(0.50-1.78); Figure S8), overweight risk (OR (95% Cl): 1.10 (0.72-
1.68); Figure S9), and overweight/obesity risk (OR (95% CI): 1.12
(0.85-1.48); Figure S10).

3.24 | Cheese consumption and risk of
overweight/obesity

Results for the cross-sectional association between cheese consump-
tion and obesity and/or overweight risk were only available when
they were combined (overweight/obesity). No association was found
between cheese consumption and prevalence of overweight/obesity
risk (OR (95% Cl): 0.86 (0.63-1.16); Figure S11).
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3.3 | Prospective cohort studies

Figure 2 shows the superplot of the prospective summary risk esti-
mates of the relation between total dairy product and each different
dairy subtype and incidence of obesity, overweight, and overweight/
obesity. Due to the reduced number of prospective cohort studies
within each specific subgroup (i.e., obesity, overweight, and over-
weight/obesity) and dairy category (i.e., total dairy, total milk, total
yogurt, and cheese), we only performed a meta-analysis of prospec-
tive cohort studies with results for the association between total milk

consumption and risk of overweight.

3.3.1 | Total, full-fat, and low-fat dairy consumption
and risk of obesity, overweight, and overweight/obesity

We could not perform a prospective meta-analysis for total, full-fat,
and low-fat dairy products and obesity, overweight, and overweight/
obesity due to the limited number of available studies. The association
between total dairy consumption and obesity risk was not reported in
any of the included studies. However, a significant 44% reduced risk
of overweight by total dairy consumption was reported only by
Bigornia et al.*® (RR (95% Cl): 0.56 (0.32, 0.97)). Full-fat dairy con-
sumption was associated with a 43% reduced risk of overweight

(RR (95% Cl): 0.57 (0.34-0.94)), while the association with low-fat
dairy consumption was nonsignificant (RR (95% Cl): 0.74 (0.43-1.28);
Figure 2). On a continuous scale, Huh et al.?® reported a nonsignifi-
cant association between total dairy consumption (serving/day) and
overweight risk (RR (95% Cl): 1.01 (0.83-1.23)).

3.3.2 | Total milk consumption and risk of obesity,
overweight, and overweight/obesity

We could only perform a prospective meta-analysis for the associa-
tion between total milk consumption and overweight incidence, since
only one study was identified for the other outcomes. The results of
the meta-analysis revealed a significant 17% increased risk of over-
weight by total milk consumption (RR (95% Cl): 1.17 (1.01-1.35);
Figure S12). However, a nonsignificant association between total milk
consumption and risk of obesity (RR (95%Cl): 1.05 (0.86, 1.27)) and
overweight/obesity (RR (95%Cl): 0.91 (0.73-1.13)) was found in
DeBoer et al.” and Huus et al.,2 respectively. Although we could not
perform a meta-analysis because only one study comparison was
available, a nonsignificant association between full-fat (RR (95% Cl):
1.49 (0.25-9.03)), and 2% skim milk (RR (95% Cl): 1.16 (0.12-11.48))

|25

and overweight risk was reported by Huh et a when comparing

extreme categories of consumption. Similar results were observed

Heterogeneity
Subgroup No. N RR [95% CI] Pooled RR [95% CI1] % P e terogencity P-value
Obesity
Total milk 1 8,950 1.05[0.86, 1.27] —— - - -
Overweight
Total dairy 1 2,455 0.56[0.32,0.97] —— - - -
Whole-fat dairy 1 2,455 0.57[0.34, 0.94] —— - - -
Low-fat dairy 1 2,455 0.74[0.43, 1.28] —_—— - - -
Total milk 4 20,474 1.17[1.01, 1.35] —o— 0 0.59 0.03
Whole-fat milk 1 645  1.49[0.25,9.03] o N } B}
Low-Fat milk (2%) 1 645 1.16 [0.12, 11.48] * - - -
Overweight/obesity
Total milk 1 8,763  0.85[0.49, 1.47] —_—— - - -
Cheese 1 8,763  0.91[0.73, 1.13] — - - -
0 1 2 3
Benefit Harm

FIGURE 2 Superplot of prospective cohort studies
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when analyzed in continuous scale (RR (95% Cl): 1.04 (0.74-1.44)) for
whole-fat milk, (RR (95% Cl): 0.91 (0.62-1.34) for 2% milk, and
(RR (95% Cl): 0.95 (0.58-1.55)) for 1% skim milk).

34 |
bias

Meta-analysis heterogeneity and publication

In the cross-sectional studies, no evidence of substantial interstudy
heterogeneity was found for any dairy category (i.e., total dairy, total
milk and total yogurt) and obesity risk (Figure 1). However, substantial
and significant levels of interstudy heterogeneity was reported in the
meta-analyses for total dairy consumption and overweight risk (I?
= 75.6%) and overweight/obesity risk (I? = 97.5%. Finally, 66.5% of
interstudy heterogeneity was also observed for total milk consump-
tion and overweight/obesity risk (Figure 1). In prospective cohort
studies, due to the lack of studies, we could only analyze the hetero-
geneity in the meta-analysis of overweight risk by total milk consump-
tion, where no evidence of interstudy heterogeneity was observed
(Figure 2). Finally, due to the reduced number of studies (i.e., <10 in
each meta-analysis), neither publication bias nor sources of heteroge-

neity, as assessed by subgroups, could be analyzed.

3.5 | Sensitivity analysis

Sensitivity analysis with one study removed at a time (leave-one out
approach) was performed for analyses of more than two studies, in order
to assess whether the results could have been substantially affected by a
single study. In the cross-sectional studies, the removal of the Xu et al.>?
results for girls turned the association between total dairy consumption
and obesity risk from significant to nonsignificant. Moreover, in case of
the removal of Xu et al.>* results for boys, the pooled risk estimates for
total dairy and obesity risk were reduced by more than 10% (from an OR
of 0.66 to 0.53; Table S2). The removal Li et al.*’ or Amin et al.*® in total
dairy consumption and overweight/obesity turned the OR significant.
Furthermore, the removal of the Guo et al.** findings for boys in the
assessment of total milk consumption and overweight risk resulted in the
RR becoming statistically significant. Finally, the exclusion of Matthews
et al.*® in total dairy and overweight risk and the exclusion of Al-Hazza
et al.3* in total milk and overweight/obesity risk, drastically reduced the
heterogeneity from 75.6% to 23.3% and 66.5% to 0%, respectively.

In prospective cohort studies, the removal of Berkey et al.
(boys)?? and Berkey et al. (girls)?? changed the risk estimates from sig-
nificant to nonsignificant in total milk and overweight incidence risk.
Furthermore, the exclusion of DeBoer et al.” increased the RR from

17% to 35% (Table S2).

4 | DISCUSSION

We conducted a systematic review and meta-analysis of cross-

sectional and prospective cohort studies in an attempt to draw the

most reliable conclusions relating the association of total dairy intake
and its different subtypes with the prevalence and incidence of over-
weight, obesity and overweight/obesity as a merged category. In the
meta-analysis of cross-sectional studies, comparing extreme catego-
ries of consumption, an inverse association between total dairy con-
sumption and obesity prevalence was shown. However, no significant
associations were found between milk or yogurt and obesity preva-
lence. Regarding secondary outcomes, no associations between total
dairy or other dairy subtypes were observed.

Due to the low number of prospective cohort studies analyzing
the association between the consumption of different types of dairy
products and the risk of obesity, overweight, and overweight/obesity,
we only performed a meta-analysis for the association between total
milk consumption and risk of overweight. Findings showed the fre-
quency of total milk consumption to be significantly associated with
an increased risk of overweight. Although we were not able to con-
duct a meta-analysis for the associations between total, whole-fat,
and low-fat dairy products and the pre-established adiposity catego-
ries, whole-fat dairy consumption was associated with a decreased
risk of overweight incidence in one prospective study,?> while that
association was nonsignificant with respect to low-fat dairy
consumption.

1215 and meta-analysis®® of cross-

Results from previous reviews
sectional studies are in line with our findings, indicating an inverse
association between total dairy product consumption and obesity risk.
However, it is important to highlight that pooled meta-analysis of
cross-sectional studies is not sufficient to infer causality and that
ruling out potential reverse causality is impossible. Importantly, to the
best of our knowledge, this is the first meta-analysis analyzing the
association between different types of dairy products and preva-
lence/incidence of obesity and overweight in children and adoles-
cents. It is important to discriminate between dairy subtypes since
their nutritional profiles differ, and therefore, they could also be dif-
ferently associated with obesity, as evidenced in our results. Previ-
ously, only one meta-analysis of prospective cohort studies®®
evaluated the relationship between total dairy consumption and the
risk of overweight/obesity incidence, showing an inverse association
when comparing the highest versus the lowest category of intake, and
a 13% risk reduction for the increase in 1 serving/day. It is worth not-
ing that this meta-analysis of prospective cohort studies has methodo-
logical limitations that deserve to be mentioned. First, the authors
included the same study in the analysis more than once because they
reported the risk for different exposures (i.e., whole-fat dairy,
reduced-fat dairy, and total dairy products). This leads to a unit of
error analysis since participants were counted three times. To over-
come this issue, care should have been taken when performing the
statistical analysis, especially when conducting a pairwise meta-analy-
sis. Second, the authors also mixed studies analyzing total dairy with
other studies only assessing milk as exposure. Therefore, the inverse
association observed in that meta-analysis could not be attributed to
total dairy consumption. Bearing in mind the aforementioned short-
comings, the results of that meta-analysis should be interpreted with

caution. The current meta-analysis tried to deal with all of these
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methodological issues to provide more reliable results for the analysis
of the association between dairy product consumption and obesity
risk. Importantly, another previous meta-analysis*® as well as system-

1013 or narrative®® and critical'? reviews showed a protective

atic
association or no association between dairy intake and some indica-
tors of adiposity, rather than obesity as a main outcome, in children or
adolescents.

It is important to mention that we could only perform a meta-
analysis of prospective cohort studies assessing total milk in relation
to overweight incidence. This highlights the need for additional pro-
spective cohort studies investigating the association between total
dairy products and specific subtypes, taking also into account the fat
content and the risk of obesity incidence in children and adolescents.
Our results demonstrated a positive association between total milk
consumption and overweight incidence risk. However, it is notewor-
thy that in the meta-analysis of prospective cohort studies available,

data came from only three®?22°

of the five prospective studies identi-
fied. Therefore, these results should be interpreted with caution. Fur-
thermore, DeBoer et al.,” the study which contributed the most to the
weighted average in our meta-analysis of cross-sectional studies of
total milk consumption and prevalence of overweight, with 47%, did
not take into account energy intake as a potential confounder. This
warrants consideration, given that in the study conducted by Berkey
et al.,?? the authors highlighted that their results might be mediated
by total energy intake and not necessarily by milk consumption per se
due to the associations being attenuated when the results were
adjusted for energy intake. In contrast, the study conducted by Huh

.25 2646 \which did not meet

et al.”> and in the other prospective studies,
inclusion criteria and thus were not included in the meta-analysis, the
authors took into account total energy intake as a confounder and
neutral associations were found. For example, a nonsignificant associ-
ation between total milk consumption and risk of overweight/obesity
was found in Huus et al.2® On the other hand, data from intervention
studies reviewed recently by Douglas et al.'? showed a neutral effect
of dairy product and milk consumption on body weight and body
composition in children and adolescents. It should be noted that three
trials®#=5¢ that assessed milk consumption as an intervention showed

an increase in body weight in parallel to an increase in lean mass®>°°

or overall growth.>3>457

Recently, a narrative review’® reported no association or negative
association between milk consumption and overweight or obesity in
children aged 12-60 months which supports our results. However, it
is important to highlight that some studies conducted in well-
nourished populations suggest that high protein intake early in life can
increase the risk of developing overweight and obesity later in life.>”
Even so, given the controversial and limited data available from our
results and the aforementioned effect seen in intervention trials, no
definitive conclusions could be drawn in relation to milk consumption
and overweight in children and adolescents.

Even though we could not conduct a meta-analysis for the associ-
ations between total, whole-fat, and low-fat dairy products and the
incidence of obesity, overweight, and overweight/obesity due to the

limited number of available studies, a significant inverse association

between whole-fat dairy consumption and risk of overweight inci-
dence was observed in one study, while the association with low-fat
dairy consumption was nonsignificant.*® Along these lines, a system-
atic review reported that whole-fat dairy products were not associ-
ated with increased measures of weight gain or adiposity.** The
authors argued that whole-fat dairy may result in higher satiety due to
the satiating effect of fat and protein which may contribute to a rela-
tive reduction in overall food consumption, thus possibly preventing
the weight gain.

Dairy products have a complex food matrix characterized by a
great variety of nutrients, including calcium, specific fatty acids, and
probiotics. Moreover, the nutritional profile could differ depending on
the subtype of dairy product, as well as the processing method
applied. Some potential biological mechanisms underlying the poten-
tial beneficial relationship between dairy consumption and obesity
have been suggested, bearing in mind its nutritional properties. For
example, dairy products are rich in protein, where protein has been
shown to have higher satiating effects in the short term compared to
carbohydrate or fat.>® Moreover, dairy bioactive peptides and calcium
content have been suggested to play an important role in preventing
weight gain by regulating insulinemia.>® It has been reported that
insulin concentrations are lower in individuals consuming diets high in
dairy products compared to those consuming diets low in dairy prod-
ucts,”” where it has been suggested that it is the calcium from dairy
products that may have beneficial effects on glucose metabolism.*®
Furthermore, it has been demonstrated that calcium could decrease
fat reabsorption and/or increase fecal fat excretion because of its
capability to combine with fatty acids and bile acids in the intestine.%!
Intake of calcium from dairy products might also affect the lipid profile
by decreasing the intracellular calcium levels, which results in the
stimulation of lipolysis and the inhibition of fatty acid synthesis.®?~¢*
Animal studies have also shown that dietary calcium might interfere
with gut microbiota, partly explaining the potential beneficial effects
of calcium on body weight.®> For example, high-calcium diets appear
to positively affect gut microbiota composition towards increasing
community diversity and specific bacterial abundance such as the
growth of lactobacilli.®° Other constituents from dairy products differ-
ent than calcium, such as peptides in whey protein, medium-chain
fatty acids, and conjugated linoleic acid, have also shown to reduce
lipogenesis and to stimulate fat oxidation in the adipocyte, thereby
resulting in a reduction in fat accumulation.®¢¢”

The present systematic review and meta-analysis has some limita-
tions which require acknowledgment. The number of studies identi-
fied and included in each type of analysis based on dairy subtypes and
the three different outcomes was small. As a consequence, future
studies are likely to change the pooled risk estimates. Moreover, we
could not perform subgroup analyses to investigate potential sources
of heterogeneity nor could publication bias be assessed, since there
were less than 10 study comparisons. This is important since a high
degree of interstudy heterogeneity was observed for the analyses of
total dairy consumption and overweight and for total dairy, total milk,
and overweight/obesity. It is noteworthy that the exclusion of Mat-

|48

thews et al.”® in the cross-sectional study meta-analysis of total dairy

BSUB017 SUOWILWIOD 3A1ER1D 3|t dde 3y Ag peueob a1e saoile YO BsN JO SaINI 0} Akeiq 17 8uluO A8|1A O (SUOIIPUOD-PLE-SLLLBYWI0D" AS | 1M Ale1q 11 IUO//SANY) SUONIPUOD PUe SWid L 8U) 39S *[202/20/9T] uo AriqiTauluo As|Im ‘erreneN ap pepisiAIUN Ad 00VET IGO/TTTT OT/I0P/W0d A8 |IMAseiqjpuluo//SANY Woi) pepeoiumod ‘TS ‘2202 X68LL9%T



140717 | WILEY_9BESITY

BABIO ET AL.

and overweight and the exclusion of Al-Azzaa et al.>! in the total milk
and overweight/obesity cross-sectional study meta-analysis explained
the observed heterogeneity. Additionally, the limited number of eligi-
ble studies prevented intercountry comparisons from being performed
to assess whether the associations would change between different
countries. Another important limitation is related to the outcome defi-
nition. Contrary to the adult population, there is not a universal defini-
tion of overweight or obesity in children and adolescents. Therefore,
the included studies in the present systematic review and meta-
analysis used different criteria to define these outcomes. These diver-
gent criteria could affect the accuracy of our risk estimates. Unfortu-
nately, due to the limited number of studies, we were not able to
conduct subgroup analyses to explore the influence of those defini-
tions on our results. Although we aimed and attempted to conduct
dose-response meta-regression analyses, these analyses could not be
conducted with confidence due to the limited available information,
despite best attempts to contact authors where applicable. This is an
important limitation because dose-response meta-regression analyses
allow for the exploration of possible differential associations
according to varying levels of exposure and provides an enhanced pic-
ture of the associations to inform clinical decisions.

The present systematic review and meta-analysis also has some
strengths to be highlighted. To the best of our knowledge, this is the
first meta-analysis differentiating the association between dairy prod-
ucts with obesity, overweight, and overweight/obesity. Moreover, we
performed analyses based on different dairy subtypes (e.g., total dairy,
total milk, yogurt, and cheese), which each have slightly different
nutritional profiles and therefore could be differently associated with
the obesity risk. Importantly, we included new information from two

2531 after contacting their respective corresponding authors.

studies,
This allowed us to increase the number of studies in our analyses and
provide extra information to update the results. Finally, we tried to
solve the methodological issues of previous meta-analyses. We did
not include in the analysis of total dairy products those studies that
considered only one type of dairy product (e.g., only yogurt) as an
exposure; we did not combine studies that reported the risk estimates
in a continuous scale with those reporting the risk estimates compar-
ing categories of consumption together in the same analysis.

In conclusion, evidence from pooled analyses of cross-sectional
studies suggested an inverse association between total dairy con-
sumption and obesity. However, there is limited and no conclusive
evidence to confirm an inverse relationship from pooled analysis of
prospective studies in children and adolescents. Our confidence in
the effect estimates is low because of the few studies included in
the meta-analyses, and future studies are likely to change the find-
ings. Last but not least, it deserves to be mentioned that in the
absence of evidence, this study does not support limiting the amount
of total dairy or milk consumption in children and adolescents in
terms of overweight or obesity risk. Nevertheless, our results should
be interpreted with caution and further studies with a higher degree
of evidence are needed to better understand the role of total dairy
and its subtypes in relation to body weight in children and

adolescents.
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