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Dairy product consumption has been related to type 2 diabetes (T2D) incidence, although data from epidemiological studies have shown mixed
results regarding the association of dairy products and T2D risk. This overview of systematic reviews and meta-analyses aimed to examine the
scientific literature available on the association between dairy product consumption and T2D risk. A literature search was conducted in the MEDLINE
(via PubMed), EMBASE, Cochrane Central Database of Systematic Reviews, and Web of Science databases from their inception to April, 2018. Forest
plots summarized the risk ratios (RRs) reported by meta-analyses on high compared with low and dose-response dairy product consumption. The
risk of bias was assessed using the AMSTAR2 tool. We included 12 meta-analyses, reporting data from 4-22 cohort studies and from 4-23 populations.
The participants’ages ranged from 20 to 88 y, and participants were followed up for from 4 to 30 y. Studies included 64,227-566,875 participants
and reported 4810-44,474 cases of T2D. Most studies reported an inverse association between T2D incidence and dairy product consumption,
especially for 1) total dairy products (range: 0.86-0.91), 2) low-fat dairy products (range: 0.81-0.83), 3) low-fat milk (RR: 0.82), and 4) yogurt (range:
0.74-0.86). Dose-response analyses showed a decreased T2D risk for 7) 200-400 g/d of total dairy products (range: 0.93-0.97) and 2) 200 g/d of
low-fat dairy products (range: 0.88-0.91). Total dairy product consumption is associated with a lower risk of T2D, especially for yogurt and low-fat
dairy consumption. The association with cheese is moderate. Moreover, dose-response analyses showed that the risk of T2D decreased by each
unitincrease in consumption of total dairy products and low-fat dairy products. Adv Nutr 2019;10:5154-S163.
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Introduction
Type 2 diabetes (T2D) is one of the most common chronic

The link between dietary factors and the risk of T2D has
long been studied. Previous meta-analyses have shown that

diseases associated with multiple factors, including weight
gain, dietary pattern, and physical inactivity (1, 2). Approx-
imately 366 million people worldwide have diabetes (3),
its global estimated prevalence is 8.5% (4), and the age-
adjusted incidence is ~6.7 per 1000 persons (5); moreover,
by 2030, T2D will affect an estimated 552 million people
worldwide (3). Progression of T2D results in other associated
complications, the management of which imposes social,
medical, and economic burdens (3, 6). Early control of T2D
is crucial in preventing progression of the disease. Indeed,
many of the complications could be alleviated through simple
and inexpensive dietary modifications (7, 8).
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overall diet quality, such as the Mediterranean diet score
or Dietary Approaches to Stop Hypertension (DASH), is
associated with a significant decrease in T2D risk (9-11). In
terms of specific food groups, the dairy group has gained
attention owing to the health effects associated with some
of its components. For example, calcium and magnesium,
2 minerals found in dairy products, are associated with
a lower incidence of T2D and insulin resistance (12).
Whey protein showed insulinotropic effects and glucose-
lowering properties through insulin and incretin secretion
(13, 14). Vitamin D is supplied in fortified dairy products.
Fortification of dairy foods with vitamin D is performed
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systematically in some countries (15) and nonsystematically
in others (16), is associated with multiple metabolic health
benefits, and recent findings suggest that dietary fatty acids
such as trans-palmitoleic acid are inversely associated with
T2D risk and that SCFAs have an important role in the
control of body weight and insulin sensitivity (17-20).
However, other studies reported that the aforementioned
health benefits might be offset by SFAs. Nevertheless, the
detrimental effects of SFAs could be nullified when they
are consumed as part of complex food matrices, such
as those in milk, yogurt, cheese, and other dairy foods
21).

Data from epidemiological studies have shown mixed
results regarding the association of dairy products and dairy
subtypes with T2D risk. For instance, whereas some con-
cluded that total dairy consumption was negatively associ-
ated with T2D risk (9, 22-26), others showed nonsignificant
associations or inconclusive results (27, 28). In addition, prior
meta-analyses showed an inverse association between yogurt
consumption and risk of T2D (22-25, 27, 28). However, the
conclusions on yogurt dose-response remain unclear (23,
27, 28). Among other studies of subtypes of dairy products,
some meta-analyses found an inverse association of low-fat
dairy products (22, 23, 25, 29) and low-fat milk (22, 23) with
T2D risk, but not all reports reached the same conclusions
(26), especially with regard to whole-fat dairy products (22-
25, 29). Although meta-analyses and systematic reviews are
meant to be conclusive, the evidence is not sufficient to
draw conclusions and a more comprehensive evaluation is
necessary. Therefore, from an overarching perspective, we
conducted an overview of existing systematic reviews and
meta-analyses to clarify conflicting results and examine the
scientific literature available for the association between
milk and dairy product consumption (high compared with
low and dose-response) and T2D risk, including different
subtypes of dairy products.

Methods

This overview of systematic reviews and meta-analyses is
reported according to the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) (30) and Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (31) statements, following the recommendations
of the Cochrane Collaboration Handbook (32), and was
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registered through the International Prospective Register of
Systematic Reviews (PROSPERO) as CRD42018091910.

Search strategy

We used 3 methods to search for systematic reviews or
meta-analyses that were relevant for this study. First, we
systematically searched the MEDLINE (via PubMed), EM-
BASE, Cochrane Database for Systematic Reviews, and Web
of Science databases from their inception until April, 2018.
Systematic reviews and meta-analyses addressing the associ-
ation of dairy product consumption with T2D were eligible.
Second, the literature search was complemented by screening
references included in previous systematic reviews and meta-
analyses. Finally, we searched the websites of organizations
aimed at conducting meta-analyses or at compiling meta-
analyses (the Cochrane Database of Systematic Reviews;
the TRIP database). The search strategy is presented in
Supplemental Table 1.

Study selection

Inclusion criteria were as follows: I) participants: adult
population; 2) study design: meta-analyses of observational
studies (including cohort and case-control studies); 3) expo-
sure: dairy product consumption (total dairy, milk, cheese,
yogurt, or other dairy products such as ice cream, butter,
sherbet, and cream); and 4) outcome: incidence of T2D.

The exclusion criteria were as follows: 1) studies written
in languages other than English or Spanish and 2) narrative
reviews and reviews that did not follow the methodology of a
systematic review (33). No date restriction was applied to the
study selection.

Data extraction and quality assessment

The following data were extracted from the original reports:
I) first author and year of publication; 2) number of studies
included; 3) length of follow-ups; 4) sample characteristics
(age distribution, number of subjects, and number of cases);
5) type of dairy product assessed; 6) risk ratio (RR) estimates;
7) heterogeneity reported and its P value; and 8) AMSTAR 2
risk of bias category (29). Moreover, the individual studies
included in each meta-analysis and the covariates used in
their analyses were extracted (Supplemental Table 2).

The AMSTAR 2 tool (34) was used to evaluate the risk of
bias in the included meta-analyses and to detect weaknesses
in specific domains that could threaten the validity of
the included systematic reviews and meta-analyses. The
checklist consists of 16 criteria, each referring to a relevant
methodological aspect of a study. Plausible scores were “no”
(0 points) when the study did not meet the criteria, “yes”
(1 point) when the study met the criteria, and “partial yes”
(0.5 points) when studies reported partial information on the
scored item. The quality score for each study could range
from 0 to 16. According to the number of criteria the studies
met, the quality score was categorized into 5 groups as fol-
lows: excellent, 15-16 points; very good, 12-14 points; good,
9-11 points; acceptable, 6-8 points; and deficient, 3-5 points.
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FIGURE 1

The literature search, data extraction, and quality assess-
ment were independently performed by 2 reviewers (IC-R
and CA-B); inconsistencies were resolved by consensus and
involved a third researcher when consensus was not reached
(VM-V).

Data synthesis

Forest plots were used to summarize the pooled RR estimates
for the association between dairy product consumption and
T2D incidence. From the included meta-analyses, dose-
response and high compared with low dairy consumption
analyses were separately depicted in forest plots including
information by type of dairy product (total dairy product,
milk, cheese, and yogurt). Information on the amount of
dairy product reported by each meta-analysis related with
T2D RR was included in the forest plots. For inclusion in
the forest plot, the pooled RR reported by each meta-analysis
should include >4 studies. Forest plot graphs were performed
using StataSE software, version 15 (StataCorp).

Results

The PRISMA flow diagram is presented in Figure 1. From
the 1761 full-text articles identified, 12 systematic reviews
and meta-analyses (9, 22-25, 27-29, 35-38) quantifying
the association between dairy consumption and T2D and
meeting the inclusion criteria were included in the overview
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Literature search: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

of reviews. Table 1 presents descriptive information for the
included studies.

The identified systematic reviews and meta-analyses were
published between 2008 and 2017. The number of studies
ranged from 4 to 22 cohort studies and included data
from 4-23 populations. In addition, 1 systematic review and
meta-analysis included 1 case-control study. The age of the
included participants ranged between 20 and 88 y of age,
and the follow-up duration ranged from 4 to 30 y. The
sample size ranged from 64,227 to 566,875, and the reported
cases of T2D ranged from 4810 to 44,474. The original
studies included in the systematic reviews and meta-analyses
were developed in the United States (12 studies), United
Kingdom (3 studies), Australia (2 studies), China (2 studies),
and Sweden (2 studies). In addition, 1 study from each
of the following countries was reported: Finland, France,
Germany, Iran, Japan, Netherlands, Puerto Rico, and Spain.
Finally, 1 study including data from Europe and another with
multicountry data were included.

Ten systematic reviews and meta-analyses reported an
exposure comparison between high and low dairy product
consumption (9, 22-25, 27, 29, 35-37) and 7 reported dose-
response consumptions (9, 22, 23, 25, 27, 28, 38). Most of
the studies reported data on the association of total dairy
product, milk, and yogurt consumption (9, 22-25, 27-29,
35-37) with T2D incidence. Four studies reported cheese
consumption (22, 23, 28, 37); data from high-fat dairy,
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low-fat dairy, and fermented products (including yogurt,
cheese, and buttermilk) were reported in other studies (22,
23, 24, 29). In addition, 3 reported ice cream consumption
(22, 23, 28), 1 reported butter (38), and others examined
sherbet (frozen dessert containing sweetened, diluted fruit
with 0.5-2% dairy fat content), cream, and sour cream
consumption (22, 23, 28, 38).

The heterogeneity as measured by I? in the systematic
reviews and meta-analyses ranged from 0.0% to 93.6%.
The list of original studies addressing the association of
dairy consumption with T2D that were included in the
systematic reviews and meta-analyses is given in Supplemen-
tal Table 2.

Risk of bias
As evaluated by the AMSTAR 2 tool, 16.7% of the systematic
reviews and meta-analyses showed an acceptable risk of bias,

33.3% had a good risk of bias, and 50.0% had a very good
risk of bias. When individual domains were analyzed, all
studies had shortcomings in reporting the list of excluded
studies and the funding information of the original studies
(Supplemental Table 3).

Data synthesis

High compared with low consumption analyses.

Figure 2 displays a forest plot with the summary effect on
T2D risk for high compared with low consumption of each
dairy product. For total dairy products, RRs ranged from
0.81 to 1.00, showing a significant effect in 6 out of 7 studies
(85.7%) (RR range: 0.86-0.91). All of the studies analyzed
reported a significant inverse association for low-fat dairy
products (RR range: 0.81-0.83). No study found a significant
association for high-fat dairy products, and 1 out of 2 studies

References RR (95% ClI)
DAIRY PRODUCTS
Total Aune et al.(22) —_— 0.89 (0.82, 0.96)
Chen et al.(27) - 0.98 (0.96, 1.01)
Gao et al.(23) _— 0.89 (0.81, 0.98)
Khoramdad et al.(37) —_— 0.88 (0.80, 0.96)
Schwingshackl et al.(9) —_— 0.91 (0.85, 0.97)
Tian et al.(24) — 0.89 (0.84, 0.94)
Tong et al.(25) —_— 0.86 (0.79, 0.92)
High-fat Aune et al.(22) —_—1 0.96 (0.87, 1.06)
Gao et al.(23) _— 0.95 (0.85, 1.07)
Khoramdad et al.(37) 0.98 (0.78, 1.24)
Tong et al.(25) 1.00 (0.89, 1.10)
Low-fat Aune et al.(22) —_— 0.83 (0.76, 0.90)
Gao et al.(23) —_— 0.81 (0.74, 0.89)
Khoramdad et al.(37) 0.81 (0.68, 0.96)
Tong et al.(25) —_— 0.82 (0.74, 0.90)
Fermented Aune et al.(22) _— 0.88 (0.79, 0.98)
Gao et al. (23) 0.94 (0.75, 1.18)
MILK
Total Aune et al.(22) 0.87 (0.70, 1.07)
Elwood et al.(35) —a— 0.92 (0.86, 0.97)
Elwood et al.(36) _— 0.85 (0.75, 0.96)
Gao et al.(23) 0.89 (0.78, 1.01)
Khoramdad et al. (29) —_— 0.89 (0.82, 0.97)
High-fat Aune et al.(22) 1.12 (0.99, 1.27)
Gao et al.(23) 1.12 (0.99, 1.27)
Tian et al.(24) —_— 0.87 (0.78, 0.96)
Tong et al.(25) —_— 0.95 (0.86, 1.05)
Low-fat Aune et al.(22) 0.82 (0.69, 0.97)
Gao et al.(23) 0.82 (0.69, 0.97)
CHEESE
Total Aune et al.(22) —— 0.91 (0.84, 0.98)
Gao et al.(23) —a— 0.82 (0.77,0.87)
Khoramdad et al. (29) —_— 0.92 (0.82, 1.04)
Cottage cheese Aune et al.(22) 0.91 (0.79, 1.04)
YOGURT
Total Aune et al.(22) = 0.86 (0.75, 0.98)
Gao et al.(23) —_—— 0.85 (0.75, 0.97)
Khoramdad et al. (29) —_—— 0.74 (0.65, 0.84)
Tian et al.(24) 0.83 (0.70, 0.98)
Tong et al.(25) _—.— 0.83 (0.74, 0.93)
| I I I
0.6 0.8 1 1.05 1.3

FIGURE 2 Forest plot for the association between high compared with low dairy product consumption and risk of type 2 diabetes by

type of dairy product. RR, risk ratio.
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of fermented dairy products showed a significant association
(RR: 0.88; 95% CI: 0.79, 0.98) (18).

For milk consumption, RRs ranged from 0.82 to 1.12,
3 out of 5 studies (60%) found significant effects for total
milk consumption (RR range: 0.85-0.92), and all studies
found significant effects for low-fat milk consumption (RR:
0.82; 95% CI: 0.69, 0.97) (18, 19). Furthermore, a significant
effect was found in 1 out of 4 studies of high-fat milk
consumption (RR: 0.87; 95% CI: 0.78, 0.96) (20) (see
Figure 2).

For cheese and cottage cheese consumption, RRs ranged
from 0.82 to 0.92 and were significant in 2 of 4 studies (RR:
0.82;95% CI: 0.77,0.87;and RR: 0.91; 95% CI: 0.82, 0.98). The
study for cottage cheese did not find statistical significance
(RR: 0.91; 95% CI: 0.79, 1.04).

For yogurt consumption, the RRs ranged from 0.74
to 0.86, and all 5 studies analyzed showed a significant
association with T2D.
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Dose-response analyses.

A forest plot with dose-response analyses for the con-
sumption of each dairy product is depicted in Figure 3.
For dairy product consumption, RRs ranged from 0.88 to
0.98, showing a significant association in 4 out of 5 studies
for 200-400 g/d of total dairy product consumption (RR
range: 0.93-0.97) and 3 out of 4 studies for 200 g/d of
low-fat dairy product consumption (RR range: 0.88-0.91).
No studies including high-fat dairy product consumption
showed significant effects.

For milk consumption, RRs ranged from 0.83 to 1.27,
showing a significant effect in 1 study out of 3 for 200 g/d
of low-fat milk consumption (RR: 0.89; 95% CI: 0.84, 0.95)
(18). Studies including total milk and high-fat milk showed
no significant effects.

For cheese consumption, RRs ranged from 0.80 to 1.00
and were significant in 2 of the 3 studies (RR: 0.80; 95% CI:
0.69, 0.93; and RR: 0.92; 95% CI: 0.86, 0.99).

RR (95% Cl)

0.93 (0.87, 0.99)
0.94 (0.91, 0.97)
0.97 (0.95, 1.00)
0.97 (0.94, 0.99)
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PER EACH CHEESE INCREMENT OF:
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30g/d Gao et al. (2013) (23) —_— 0.80 (0.69, 0.93)
10g/d Gijsbers et al. (2016) (28) [ 1.00 (0.99, 1.02)
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200g/d Aune et al. (2013) (22) 0.78 (0.60, 1.02)
125g/d Chen et al. (2014) (27) —_— 0.82 (0.70, 0.96)
50g/d Gao et al. (2013) (23) —— 0.91 (0.82, 1.00)
50g/d Gijsbers et al. (2016) (28) — 0.94 (0.90, 0.97)
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FIGURE 3 Forest plot for the association of dose-response dairy product consumption with risk of type 2 diabetes by type and amount

of dairy product. RR, risk ratio.
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For yogurt consumption, RRs ranged from 0.78 to 0.94,
showing a significant effect in 2 studies out of 4 (RR: 0.82;
95% CI: 0.70, 0.96; and RR: 0.94; 95% CI: 0.90, 0.97).

Discussion

This overview of systematic reviews and meta-analyses
provides a synthesis of the state of knowledge for the
association between dairy product consumption and risk of
T2D. The data from this study provide evidence supporting
the association of total dairy product consumption with a
lower risk of T2D, as this evidence is more robust for yogurt
consumption and low-fat dairy. The association with cheese
is moderate, and no association was found for high-fat dairy.
Moreover, our data support a dose-response association in
which the risk of T2D is decreased by each unit increase in
consumption of total dairy products (200-400 g) or low-fat
dairy products (200 g/d).

In this overview, 6 out of the 7 studies comparing high
with low consumption of total dairy products reported a
lower T2D risk. In contrast, Chen et al. (27) reported no
significant association of total dairy product consumption
with T2D risk in their meta-analyses of 14 studies (RR:
0.98; 95% CI: 0.96, 1.01) and in their separate updated
analysis of 3 cohorts (RR: 1.00; 95% CI: 0.98, 1.02). However,
previous studies that included a shorter follow-up showed an
inverse association of low-fat and total dairy consumption
with T2D in the same populations (39, 40). The authors
suggested that the potential benefits of dairy were less evident
with longer follow-up periods, which was later supported by
Gijsbers et al. (28) in a subgroup analysis (>10 y follow-up)
where they found no associations with total or low-fat dairy
consumption. In the studies that quantified the association,
200 g/d of total dairy products was associated with lower
(3-6%) T2D risk (9, 23, 25, 28), and only 1 study found a
6% lower T2D risk per 400 g/d (22). This association was
probably mostly driven by low-fat dairy products where all
(22,23, 25) except one (26) (with a borderline association) of
the systematic reviews and meta-analyses found a significant
association of 200 g/d of low-fat dairy with a lower (4-12%)
T2D risk. Consistent results were found for a lower T2D risk
(17-19%) when comparing high with low consumption for
all the studies reviewed (22, 23, 25, 29).

For milk consumption, low-fat milk was consistently
associated with a lower risk of T2D (22, 23, 25), except in the
study of Gijsbers et al. (28), where 200 g/d (0.83 servings/d)
was not associated with T2D risk. However, there was no
evidence for an association with high-fat milk consumption
(22, 23, 28). For total milk consumption, only Elwood et al.
(35,36) and Khoramdad et al. (37) reported a protective effect
on T2D risk. However, based on the risk of bias, the smaller
number of studies analyzed, and the confounder variables
that the studies included, we are not able to draw any robust
conclusion for their recommendations. Further research is
warranted to shed some light on this issue.

Dairy products are an important source of calcium,
magnesium, vitamin D, and protein and are suggested to have
favorable health effects on body weight (41), glucose (42),

and hypertension (43). Although calcium has been associated
with lower blood glucose, few original studies have been able
to adjust for calcium or magnesium to show independent
effects. Thus, we must interpret the results with caution and
in the context of when the studies were conducted. Not
only has global dairy consumption changed over the last few
decades (44), but dietary guidelines that were based on a
low-fat diet might have influenced the consumption towards
a low-fat type of dairy products. However, strong evidence
has shown that when addressing the effects of fat, health
benefits are heavily dependent on the macronutrient that is
replaced (45). Therefore, adjusting for other dietary factors
is important because dairy consumption might be associated
with other dietary practices that can bias the results (46).
Unfortunately, some but not all studies have been able to do
so, which makes interpretation of the results difficult.

For yogurt consumption, all the studies included in this
overview reported a consistent and clear protective effect
when comparing high with low consumption, and lower (14—
26%) T2D risk. In the linear dose-response studies, 3 out
of 4 studies showed a significant and inverse association
with T2D risk; however, the dose reported varied across
studies (50-200 g/d or 0.5-2 servings/d) with a suggested
nonlinear association (22), as shown by the latest meta-
analysis (26), which indicated that a consumption of 80-125
g/d was related to a 14% lower T2D risk. Of note, we were
unable to distinguish between plain and sugar-sweetened
yogurt and high- or low-fat yogurt; however, a recent study
in a Spanish population showed that both low- and high-
fat yogurt were associated with T2D (47). Researchers have
attempted to elucidate whether the different types of dairy
SFAs, including odd-numbered SFAs (15:0 and 17:0), methyl-
branched-chain SFAs, and trans-palmitoleic acid, may have
health benefits (18, 46, 48-50). Two studies found that trans-
palmitoleic acid was associated with a lower incidence of
T2D (18), which may offset the unfavorable effects of SFAs
in high-fat dairy products. However, in light of the evidence
from the observational studies, our results do not support
the association of high-fat dairy products and T2D risk in
any direction, suggesting that more research is needed in that
regard.

For cheese consumption, Aune et al. (22) and Gao et
al. (23) reported a significant inverse association with T2D
risk at dosages of 30 and 50 g/d (0.33 and 0.5 servings/d),
respectively. However, no association was found per 10 g/d,
and mixed results were found when comparing high and
low consumption, with significant heterogeneity between the
various individual cohorts (22, 23, 29). We were not able
to differentiate among the different types of cheese, which
have different fat and sodium contents; thus, more evidence is
needed to reach firm conclusions about cheese consumption
recommendations for T2D.

Some limitations should be considered in this overview of
systematic reviews and meta-analyses. First, some primary
studies are included in most systematic reviews and meta-
analyses in this synthesis of evidence, thus, the influence
of these studies is inflated; fortunately, this overlapping
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evidence comes from the largest and well-designed cohort
studies. Second, the results of the included systematic reviews
and meta-analyses seem to be consistent although the in-
cluded systematic reviews and meta-analyses were published
across a wide date range (from 2008 to 2017), and included a
range of follow-up durations from 2.6 to 30 y. In addition,
the meta-analyses that included a sensitivity analysis (22,
23) considering <10 y and >10 y of follow-up found
no differences in pooled RR. Third, the amount of dairy
product consumption for the dose-response analyses varied
across studies; thus, these results should be interpreted with
caution. Finally, because the search was limited to articles
published in English or Spanish and unpublished literature
was not consulted, the language restrictions and unpublished
studies might slightly modify our results. Moreover, owing
to the inherent nature of the methods used in this review,
publication bias could not be tested.

In conclusion, the results of this synthesis suggest that
dairy consumption, particularly low-fat dairy and yogurt
(80-125 g/d), is associated with a lower risk of T2D. This
is important from a public health point of view because
the results may inform practitioners, policy-makers, and
diabetes scientific associations’ recommendations. However,
the evidence is still null or weak with regard to high-fat dairy,
and more research is warranted to differentiate fat content in
dairy products (high or low) and fat and sweetener content
of yogurt. Studies with the ability to adjust for other food
components and conduct substitution analysis may provide
the strongest evidence given the lack of randomized control
trials.
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