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ABSTRACT

Background: Dietary Guidelines for Americans recommend the
consumption of 3 servings/d of low-fat/nonfat dairy. The effects of
higher dairy consumption and its fat content are unknown in patients
with type 2 diabetes.

Objective: Evaluate the impact of higher consumption of high-
compared with low-fat dairy on glycated hemoglobin (HbA1c), body
weight, and cardiovascular disease risk factors in patients with type
2 diabetes.

Methods: We enrolled 111 subjects with type 2 diabetes (aged
58.5 + 8.9 y, 47% females, diabetes duration 13.2 & 8.3 y, HbAlc
8.09 £ 0.96%) who consumed <3 servings of dairy/d. We randomly
assigned them into 3 groups: control group maintained baseline
dairy intake, low-fat (LF) group incorporated >3 servings/d of LF
dairy, and the high-fat (HF) group incorporated >3 servings/d of HF
dairy. We evaluated HbAlc, body weight, BMI, body composition
parameters, blood pressure (BP), lipid parameters, homeostatic
model assessment of insulin resistance (HOMA-IR), and total
energy and macronutrient intake at baseline, and after 12 and
24 wk.

Results: At 24 wk, percent energy from saturated fat increased
from baseline in the HF group by 3.6%, (95% CI: 2.2, 5.1) and
decreased in the LF group by —1.9% (95% CI: —3.3, —0.4). The
LF group increased their percent energy from protein by 4.5% (95%
CI: 2.6, 6.4), whereas the HF group decreased their percent energy
from carbohydrates by —3.4% (95% CI: —0.2, —6.7). There were
no differences in the mean changes in HbAlc, body weight, BMI,
body composition or lipid parameters, or BP between the 3 groups at
24 wk.

Conclusion: In patients with type 2 diabetes, increased dairy
consumption to >3 servings/d compared with <3 servings/d,
irrespective of its fat content, while maintaining energy intake has
no effect on HbAlc, body weight, body composition, lipid profile, or
BP. This trial was registered at clinicaltrials.gov as NCT02895867.
Am J Clin Nutr 2020;112:293-302.
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Introduction

Dairy products are rich in protein, vitamin D, calcium,
potassium, and other nutrients, but they can also be rich in SFAs
and calories. The Dietary Guidelines for Americans recommend
3 servings of low-fat (LF) dairy products per day for adults (1).
Observational studies suggest that increased dairy consumption,
particularly fermented dairy products, cheese, and LF dairy,
particularly yogurt, are associated with a lower risk of type 2
diabetes whereas high-fat (HF) dairy was not associated with
diabetes risk (2). Dairy products remain an integral component
of a healthy diet (3-5). A few small-size clinical trials have
looked at the effect of dairy intake on glycemic outcomes among
people with obesity or metabolic syndrome. In overweight or
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obese adults, a high intake of low-fat dairy products (4 servings/d)
improved insulin resistance compared with a lower intake of dairy
products (1-2 servings/d) over a 6-mo period, without adverse
effects on body weight or lipid profile (6). However, subjects
with metabolic syndrome who consumed 3-5 servings of dairy
products per day for 6 mo had no change in HOMA-IR or
body weight compared with a control diet group (7). A meta-
analysis of randomized clinical trials (RCTs) found that dairy
intake, especially LF dairy products, has a beneficial effect on
HOMA-IR, waist circumference, and body weight. A previous
mixed-meal study demonstrated that among patients with type 2
diabetes, whey protein consumption led to a higher postprandial
insulin excursion (8).

Cohort studies show that dietary fatty acids, such as trans-
palmitoleic acid and SCFAs, both of which are present in dairy,
are associated with lower type 2 diabetes risk, improved insulin
sensitivity, and decreased adiposity (9—11). On the other hand,
a meta-analysis of randomized controlled clinical trials showed
that dairy consumption resulted in a decrease in body weight only
in the setting of an energy-restricted diet (12). There is also a
concern that SFAs, which are high in full-fat dairy, may have a
detrimental effect on glucose and cardiovascular disease risk (13).
It is unknown whether this effect is different when consumed as
part of complex food matrices, such as those in dairy foods.

The prevalence of type 2 diabetes is ~13% of adults in the USA
(14). Despite the abundance of studies in individuals without
diabetes with some evidence suggesting that higher serum
markers of dairy fat may be positively associated with insulin
sensitivity in healthy adults (11), research among individuals
with type 2 diabetes is lacking. Understanding the effect of
dairy consumption on glycemic control is crucial, given the
importance of dietary modification in diabetes management. We
hypothesized that increasing dairy consumption to >3 servings/d,
irrespective of its fat content, will not negatively affect glycemic
control or any of the common cardiovascular disease (CVD) risk
factors in patients with type 2 diabetes.

Methods

Subjects

This is a randomized controlled single-center clinical trial that
enrolled adults with type 2 diabetes with glycated hemoglobin
(HbA1c) >7% on stable doses of antihyperglycemic medications
for >3 mo. The institution’s Committee on Human Studies
approved the study protocol, and participants signed informed
consent forms prior to enrollment in the study. This trial was
registered at clinicaltrials.gov as NCT02895867. The study
protocol was conducted in accordance with the principles
described in the Declaration of Helsinki. Eligible participants
for this study were: patients diagnosed with type 2 diabetes
for >3 mo; between the age of 18 and 75 y; BMI >25
kg/m?; body weight maintained within a 10% weight loss or
gain during the 6 mo leading up to study enrollment; and on
stable doses of antihyperglycemic, antihypertensive, and lipid-
lowering medications for >3 mo. Participants were asked during
the screening process to recall their dairy intake over the last
week and to report if it was more than, less than, or about the
same as their usual dairy intake. Participants consuming >3
servings/d of dairy products were excluded. Exclusion criteria
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also included: pregnancy; lactose intolerance; cow milk allergy;
use of orlistat; enrollment in weight management programs/trials;
recent cardiovascular event (e.g. myocardial infarction, stroke)
<6 mo prior to the screening visit; history of congestive
heart failure, active malignancy (excluding carcinoma in situ
of the cervix and the following dermal malignancies: basal
cell carcinoma and squamous cell carcinoma); bariatric surgery;
pancreatitis; and chronic gastrointestinal disease (e.g., Crohn’s
disease, ulcerative colitis, chronic malabsorption, chronic diar-
rhea, and gastroparesis).

Study design

Participants were randomly assigned, in a 1:1:1 ratio, to 1 of
3 dietary intervention groups. The control group was instructed
to change neither their baseline dairy consumption nor any
other aspect of their diets. The LF group was instructed to
consume >3 servings of LF dairy products (<2% fat) per day.
The HF group was instructed to consume >3 servings of HF dairy
products (>2% fat) per day. Subjects were followed for 24 wk.
Randomization was performed centrally by means of computer-
generated permuted blocks of size 3. A study coordinator
or coinvestigator generated the random allocation sequence,
enrolled participants, and assigned participants to interventions.
All participants were instructed to maintain their stable doses
of antihyperglycemic, antihypertensive, and cholesterol-lowering
medications without any changes throughout the study duration.
Subjects taking calcium supplements were asked to take <500
mg/d of elemental calcium throughout the study.

Dietary intervention

Study participants were instructed to complete a 3-d food log
prior to baseline evaluation. All 3 groups received nutritional
counseling from a registered dietitian aiming at maintaining
baseline energy intake and body weight throughout the study.
Participants in the control group were educated by the study’s
registered dietitian about what constitutes a dairy serving. They
were also asked to maintain their baseline dairy intake. In
the intervention groups, the study’s registered dietitian worked
individually with each participant to help them make isocaloric
changes in their diet plan to increase dairy consumption without
increasing overall caloric intake. Participants were instructed
to consume milk, yogurt, and/or cheese as part of their
3+ servings/d of dairy products. Participants were advised that
butter, dairy-based desserts such as ice cream, sour cream,
cream cheese, cream, and half-and-half would not count towards
their 3 daily servings of dairy products; however, they were
still instructed to record intake of these foods if consumed.
Participants in the LF and HF groups were educated about serving
sizes and fat contents of different dairy products. A serving size
of dairy was defined using the USDA definition of a serving size:
8 fluid ounces (237 mL)of milk, 8 fluid ounces of yogurt, and
1.5 ounces (42.5 g) of hard cheese (e.g., cheddar, Swiss, etc.) or
2 ounces (56.7 g) of processed cheese (e.g., American cheese)
each counted as 1 serving of dairy (15). In order to increase
dairy consumption to 3 servings/d without modifying daily total
energy intake (TEI), participants in the LF group were asked to
substitute other foods in their daily diets with LF dairy products.
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For example, a participant may have been asked to replace their
usual 150 calorie snack of a granola bar with 8 ounces of LF
yogurt. Similarly, a participant in the HF group may have been
asked to replace a 150-200 calorie snack of a granola bar or
protein bar with 1.5 ounces of hard cheese. To allow investigators
to monitor dairy purchases, subjects in the LF and HF groups
were provided with a prepaid debit card with which to purchase
dairy products along with preaddressed envelopes to mail back
receipts for all dairy product purchases every 4 wk. Participants
in all 3 groups were asked to record their daily intake of dairy
products, including type and amount, in a separate dairy log-
book. In addition, all study participants were asked to record
their total food intake for 3 d in a designated log-book before
each study visit (baseline, 12 wk, and 24 wk). At each of these
visits, the study dietitian reviewed the 3-d food log-book and
daily dairy log-book with each participant in order to reconcile
any missing data. A daily dairy log-book was used to estimate
average daily dairy intake over 12 and 24 wk. Changes in TEI
and dietary macronutrients were assessed by analyzing 3-d food
logs collected at baseline and after 24 wk using Food Processor
Diet & Nutrient Analysis Software (version 11.1.620, 2015,
ESHA Research). To narrow the study’s explanatory variables
to those related to dairy consumption, study participants were
asked to maintain their baseline physical activity level without
any changes throughout the study period and were neither given
specific exercise or behavioral recommendations nor asked to
keep any exercise logs.

Study procedures

Each participant was instructed to arrive after an overnight
fast for 3 study visits over a period of 24 wk. Visits occurred at
baseline, 12 wk, and 24 wk. At each visit, participants met with
the study’s registered dietitian for counseling according to their
assigned group. The registered dietitian also instructed partici-
pants on tracking and recording their daily dairy consumption
in a dedicated dairy log-book. Similar procedures were done at
the 12- and 24-wk study visits. In addition to the 3 in-person
visits, each participant received 5 follow-up phone calls from
1 of the study investigators at weeks 2, 4, 8, 16, and 20 to
answer any questions, to motivate participants, and to improve
adherence.

Anthropometric measurements and venous blood samples
were taken at each visit by a trained clinical research nurse/nurse
practitioner or study team member following standard protocol.
Venous whole blood samples for HbAlc measurement were
collected using a BD Vacutainer® K2 EDTA 7.2 mg (BD,
Becton Dickinson). Blood was collected until vacuum was
exhausted and blood ceased to flow, then gently inverted 8—10
times to disperse anticoagulants. For fasting plasma glucose,
fasting serum insulin, lipid profile, and C-reactive protein (CRP)
measurements, blood was collected in 2 BD Vacutainers®
serum separator tube (SST™, BD), gently inverted 5-6 times to
disperse clot activator, placed in a vertical position for 30 min
to clot, then centrifuged at 1100-1300 x g for 10 min. Tubes
were properly labeled and shipped in ambient temperature to a
central laboratory for analysis (LabCorp). HbAlc, glucose, and
CRP were analyzed by immunoturbidimetric assay (instruments
C513, C701, and 502, respectively, Roche Diagnostics). In-
sulin concentrations were analyzed by electrochemiluminescent

immunoassay (ECLIA, instrument E602, Roche Diagnostics).
The lipid profile was analyzed by enzymatic colorimetric assay
(instrument C702, Roche Diagnostics). BP was measured in
the seated position using a CARESCAPE™ V100 monitor (GE
Medical Technologies). Body weight was measured using a
calibrated scale (Tanita BWB-800). Body composition measure-
ments were performed using a bioelectrical impedance analyzer
(Tanita TBF-215). Visceral fat was measured using a validated
bioelectrical impedance device (Tanita, Viscan AB-140) and
was expressed in arbitrary units ranging from 1 to 59 (16).
Height was measured without shoes. Waist circumference was
measured just above the hip bone, and hip circumference was
measured around the maximum circumference of the buttocks.
Insulin sensitivity was calculated using the HOMA-IR equation
from fasting glucose and insulin at baseline and after 12 and
24 wk.

Study endpoints

The primary endpoint of this study was the change in
HbAIlc concentrations from baseline to 24 wk in the 3 groups.
Secondary endpoints included changes in body weight; BMI;
body composition parameters; waist and hip circumferences;
TEI from fat, saturated fat, carbohydrates, and protein; LDL
cholesterol; HDL cholesterol; VLDL cholesterol; triglycerides;
CRP; systolic and diastolic BP; changes in glycemic parameters
including fasting plasma glucose and HOMA-IR; and changes in
dietary macronutrient composition from baseline to 24 wk in the
3 groups.

Statistical analyses

In a study conducted previously by our group using the same
design and analytic approach, and with an intervention expected
to induce a similar magnitude of effect to the current trial, we
observed between-group differences in change in HbAlc over
time of >0.5%. Based on these data and assuming a linear
mixed models approach to analyzing the data from the current
trial, we estimated that 30 subjects in each group were needed
to achieve 90% power to detect a significant (at a 2-sided
5% level) difference of 0.5% in mean HbAlc between any 2
groups at 24 wk compared with baseline, so 112 subjects were
randomized to allow for a planned 25% attrition. These results
were calculated using the longpower routine in R that implements
the methods reported here (17). All study-related quantitative,
qualitative, and clinical data were collected and managed using
REDCap (Research Electronic Data Capture) (18). Primary and
secondary endpoints were analyzed on an intent-to-treat (ITT)
basis including all randomly assigned subjects as well as in
the per-protocol (PP) population consisting of all randomly
assigned subjects who completed the study without major
protocol violations of inclusion/exclusion criteria (Figure 1) (1
subject was excluded for having positive pancreatic antibodies).
Baseline, 12-wk, or, when available, clinic lab data were used
to replace missing HbAlc (56/333), fasting glucose (56/333),
body weight (56/333), lipid profile (308/1665), and BP (114/666)
data in the ITT analysis. Missing data were handled using
multiple imputations in the ITT analysis using the SAS PROC MI
procedure. Primary and secondary endpoints were analyzed using
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185 patients assessed for

eligibility
> 73 screen failed/unenrolled prior
to randomization
\4
112
Randomly assigned
o 1 excluded for having anti GAD
v antibodies
v

38 assigned to control

36 assigned to low fat

38 (100%) included in ITT
population

36 (100%) included in ITT
population

10 (26%) dropped out

. 5 Lost to follow up
. 5 Unable to comply
due to

personal/health
reasons

14 (39%) dropped out

. 5 Reported symptoms
suggestive of lactose
intolerance

. 1 Lost to follow up

. 8 Unable to comply due
to personal/health
reasons

28 (74%) included in PP
population

22 (61%) included in PP
population

37 assigned to high fat

37 (100%) included in ITT
population

11 (30%) dropped out

. 3 Lost to follow up
. 8 Unable to comply
due to

personal/health
reasons

26 (70%) included in PP
population

FIGURE 1 Flow of study participants. GAD, glutamic acid decarboxylase; ITT, intent-to-treat; PP, per-protocol.

a linear mixed-effects model (analogous to repeated-measures
ANOVA; PROC MIXED) with group, visit, and group-by-visit
interaction as fixed effects and subject as the random effect. We
began the statistical analysis with an unadjusted model. Given
the possible role of TEI as a mediator in the association of
HF dairy consumption with weight gain, we added TEI to the
model, and results were similar to the unadjusted model. We then
added baseline HOMA-IR, which was higher in the HF group,
and percent subjects on insulin treatment, which may possibly
influence weight change, to the model, and results showed neither
covariates had an effect on study outcomes. To explore whether
consumption of different types of dairy products (fermented

compared with nonfermented) would affect study outcomes, we
added average servings per day of fermented dairy products to our
model. We also added age and gender to our model, and neither
covariates showed an effect on study outcomes. Thus, results
for the PP and ITT populations are reported for the unadjusted
model. Cross-sectional comparisons were performed using linear
contrasts using the SAS Mixed Procedure (PROC MIXED). In
addition to the end of trial data analysis, the data for this trial
were analyzed when enrollment was 64% complete, and the
results were presented at the American Diabetes Association’s
78th Scientific Sessions. Because the outcome of this analysis
was not intended to, and did not, influence the conduct of the



Dairy consumption in type 2 diabetes 297

TABLE 1 Baseline characteristics of the ITT population

All participants Control group Low-fat group High-fat group
(n=111) (n=38) (n =36) (n=37)

Age,y 58.5+89 583+9.3 58.7+7.6 584 +98
Sex, F % 47 44.7 44.4 51.4
Duration of diabetes, y 13.2 £ 8.3 12172 142 +7.8 13.4+9.8
Total daily energy intake, kcal 1925 + 553 2041 + 600 1944 + 553 1785 + 480
Energy from total fat, % 37.8£55 38.6 £6.0 37.3£50 376 £5.6
Energy from saturated fat, % 13.1+£29 13.8 £ 3.1 12.7+£2.8 12.6 2.8
Energy from carbohydrate, % 434 +7 43675 44.0+£69 427+£6.8
Energy from protein, % 18.2+£3.7 17.5+34 182 +3.7 189 +39
HbAlc, % 8.09 = 0.96 7.99 £0.97 8.09 +0.76 821+ 1.14
Body weight, kg 93+ 19 97.3 £20.5 91.0£ 175 914 £ 184
BMI, kg/m? 325+£57 3324 £5.99 32.06 £ 6.47 32.09 £ 4.46
Waist circumference, cm 110 + 14 109.1 +13.8 109.2 +13.6 111.7 &+ 14.6
Hip circumference, cm 109 £ 12 110.4 £ 10.6 107.9 £ 14.9 1102 £ 11.6
Waist/hip ratio 1 £0.08 0.99 £0.08 1.02 £ 0.07 1.01 £ 0.09
Body fat, % 36.7 £ 8.4 36.7+17.6 35.1£10.1 384+73
Fat mass, kg 334+ 12 34.6 £23.8 322+133 333+ 12
Fat-free mass, kg 56.5+13.9 59.24+13.8 57.6+13.3 52.6 +13.9
Total body water, kg 41.3 £ 10.1 433 £10.1 42.1+9.7 38.5+10.2
Trunk fat, % 40.8 +7.6 41 £6.5 38.6 8.6 426+73
Visceral fat, arbitrary units 16.3 + 6.1 17.1 £ 6.6 152 +4.8 16.7 + 6.6
CRP, mg/L 47+ 6.6 3.1+38 6.0+ 8.9 5.1+6.1
Fasting glucose, mg/dL 163 £ 61 156 + 45 160 £ 54 175 £ 78
HOMA-IR 73+59 6.8+53 59442 93+72
Systolic blood pressure, mmHg 130 £ 16 132+ 16 131 £ 17 129 £ 16
Diastolic blood pressure, mmHg 71+9 73 £8 71 £ 11 70 £ 8
Lipid profile

Total cholesterol, mg/dL 163 + 37 155+ 34 166 £ 36 167 £+ 40

HDL-C, mg/dL 47+ 15 48 + 16 48 + 16 45+ 12

LDL-C, mg/dL 84 + 27 78 £25 88 + 31 86 + 26

VLDL-C, mg/dL 28 £ 13 24+ 10 29 + 14 30+ 13

Triglycerides, mg/dL 164 £+ 155 150 £+ 121 157 £93 183 +£222

Data are mean 4 SD or %. Analyses were performed by linear contrasts using the SAS Mixed Procedure (PROC MIXED). CRP, C-reactive protein;

HbAlc, glycated hemoglobin; ITT, intent-to-treat.

trial or the final analyses, no multiplicity adjustments were made
to either analysis (19, 20). A 2-sided P <0.05 was considered
statistically significant. Statistical analyses were performed using
SAS version 9.4 (SAS Institute, Inc.) (outcomes) or STATA SE
15.0 (StataCorp) (demographic data).

Results

Of 185 screened participants, 112 met the eligibility criteria
and were randomly assigned to 1 of the 3 intervention groups
(Figure 1). One participant was excluded after randomization
for having positive pancreatic antibodies. Of the included par-
ticipants, 32% dropped out at different intervals throughout the
study. The dropout rate was not significantly different between
groups (P = 0.5), and baseline characteristics of the com-
pleters were not different from noncompleters (Supplementary
Table 1).

The mean (£ SD) baseline HbAlc of the entire group was
8.09 (£ 0.96)%, and their mean diabetes duration was 13.2(%
8.3) y. Demographic data of the study participants are shown in
Table 1.

At the end of the study, the intake of dairy foods was
1.4 £ 0.8 servings/d in the control group, 3.0 £+ 0.7 serv-
ings/d in the LF group, and 3.0 & 0.7 servings/d in the HF

group, which indicates that LF and HF groups increased their
total dairy intake as instructed. The HF group consumed, on
average, 9.6 £ 4.4 and 9.6 £ 5.6 servings/wk of fermented
and nonfermented dairy products, respectively. The LF group
consumed, on average, 9.5 = 5 and 10.5 & 6.8 servings/wk of
fermented and nonfermented dairy products, respectively. The
control group consumed, on average, 4.3 £ 2.9 and 4.2 + 3.6
servings/wk of fermented and nonfermented dairy products,
respectively.

There was no statistically significant difference in the change
in TEI between the 3 groups. As expected, percent TEI from fat
was significantly different between the 3 groups (P = 0.00007)
at 24 wk, being significantly lower in the LF group by —6%
(95% CI. —8.9, —3, P = 0.00004) compared with baseline.
Similarly, percent TEI from saturated fat was significantly
different between the 3 groups (P = 0.00002) at 24 wk, being
significantly higher in the HF group by 3.6% (95% CI: 2.2,
5.1; P = 0.000002) compared with baseline. These changes
indicate good compliance to the planned dietary intervention.
The LF group compensated their reduction of fat intake by
increasing carbohydrate and protein intake (Table 2). On the
contrary, intake of carbohydrates and protein was lower in the
HF group (Table 2). Of note, the control group increased their
consumption of total fat at 24 wk; however, this increase was
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FIGURE 2 Least-square mean difference = SEM in HbAlc and body weight during the study by treatment group in the intent-to-treat population (A)
and per-protocol population (B). Intent-to-treat population: control group (n = 38); low-fat group (n = 36); high-fat group (n = 37). Per-protocol population:
control group (n = 28); low-fat group (n = 22); high-fat group (n = 26). There were no significant differences between the changes in HbA1c and body weight
in the 3 groups. Analyses were performed using a linear mixed-effects model (analogous to repeated-measures ANOVA; PROC MIXED) with group, visit, and
group-by-visit interaction as fixed effects and subject as a random effect. HbAlc, glycated hemoglobin.

not paralleled by a change in percent TEI from saturated fat
(Table 2).

Effect on HbA1lc, body weight, BMI, and body composition
parameters

At 24 wk, there was no statistically significant difference
in the mean change in HbAlc or body weight between the
3 groups (Figure 2). Similarly, there were no significant
changes from baseline to 24 wk in HbA1C, body weight, BMI,
waist circumference, waist-to-hip ratio, or body composition
parameters between groups (Table 2). Adding type of dairy to
our model did not affect the outcomes.

Effect on inflammation, BP, glycemia, and lipid profile

At 24 wk, there were no significant differences in the mean
changes in CRP, fasting glucose, HOMA-IR, or BP between the 3
groups. Despite the relative increase in percent TEI from total and
saturated fat in the HF group, there were no significant differences

in the mean changes in LDL cholesterol, HDL cholesterol,
triglycerides, or VLDL cholesterol between the 3 groups or from
baseline to 24 wk (Table 2).

Discussion

This study shows that advising subjects with type 2 diabetes
to increase consumption of dairy foods to >3 servings/d,
irrespective of dairy fat content, has no significant effect on
HbA Ic, body weight, body composition parameters, lipid profile,
and BP compared with maintaining a diet with <3 servings/d.
The LF group increased their energy intake from protein while
decreasing their fat intake. On the other hand, the HF group
increased their energy intake from fat while decreasing their
carbohydrate intake. Previous studies have in general showed a
beneficial effect on insulin resistance; higher dairy intake was
positively associated with greater systemic and hepatic insulin
sensitivity and better response to an oral-glucose-tolerance test
(21), an effect that could be attributed to the insulinotropic effects
of dairy amino acids (22). Similar to amino acids, dairy-derived
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fatty acids may have protective metabolic effects (10, 23), and has
been inversely associated with fasting plasma glucose (20) and
lower incidence of diabetes (24). The effect of dairy on glycemic
markers in previous RCTs is consistent. In a meta-analysis of
RCTs, HbAlc was inversely associated with an elevated intake
of dairy products (2.7 servings/d, on average) in comparison
to minimal intake (0.8 servings/d, on average) although the
observed HbAlc reduction was small with a mean difference:
—0.09%; 95% CI. —0.09%, —0.03%; P = 0.005, 12 = 0%
(25). Several factors may explain this observed difference in
the effects of dairy on glycemia. First, it is the difference in
insulin resistance in people with diabetes compared with those
without diabetes. Another difference is the relatively higher
level of dairy consumption in this study (3 servings/d in both
intervention groups compared with 1.4 servings/d in the control
group) compared with the average dairy consumption in the meta-
analysis (2.7 servings/d in the dairy groups compared with 0.8
servings/d in the minimal dairy intake groups) (25). In another
meta-analysis of 14 RCTs, where the majority of subjects had
BMI >25, HOMA-IR was lower with increased dairy intake (26).
In our study, the average intake of dairy foods was 3.0 £ 0.7
servings/d in the LF group and 3 £ 0.7 servings/d in the HF
group, which is slightly higher than the average consumption
in the pooled meta-analyses. It is possible that dairy may have
beneficial effects in individuals with prediabetes or at high risk
of diabetes, as suggested by previous observational studies, and
this benefit disappears when the disease has progressed to a stage
where it is unlikely for lifestyle intervention to have an effect as
seen in our study.

Meta-analyses of several large cohort studies have consistently
shown that dairy intake was associated with a lower risk of
diabetes (2, 25, 27, 28). For example, in a meta-analysis of
22 cohort studies comprised of 579,832 individuals, total dairy
intake was inversely associated with type 2 diabetes risk (RR:
0.97 per 200-g/d increment; 95% CI: 0.95, 1.00; P = 0.04);
however, there was heterogeneity (2). This effect was attributed
to the consumption of LF dairy, particularly yogurt, whereas the
effect of HF dairy was nonsignificant. When comparing HF to
LF, the substitution of 1 serving/d of yogurt or reduced-fat milk
for cheese was associated with a 16% (95% CI: 10%, 22%) or
12% (95% CI: 8%, 16%) lower type 2 diabetes risk, respectively
(28). Another cohort study suggested that substituting 1 serving/d
of HF yogurt with LF yogurt was associated with a higher risk
of type 2 diabetes (HR 1.17; 95% CI: 1.06, 1.29), whereas
substituting 1 serving/d of LF milk, HF milk, or buttermilk with
HF yogurt was associated with a lower risk of type 2 diabetes
(HR 0.89; 95% CI: 0.83, 0.96; HR 0.89; 95% CI: 0.82, 0.96;
HR 0.89; 95% CI: 0.81, 0.97; per serving/d substituted of LF
milk, HF milk, or buttermilk, respectively) (27). It is possible that
the effects of dairy on cardiometabolic health may be product-
specific possibly via matrix effects. In our study, adding average
servings per day of fermented dairy products to the model had no
effect on study outcomes.

In a randomized clinical trial of a weight maintenance diet
for 12 wk that compared overweight or obese adults with
metabolic syndrome who consumed high-dairy diets (3.5 daily
servings) versus low-dairy diets (0.5 daily servings), there was
no significant difference in fasting plasma glucose or body
weight between the 2 groups. However, the high-dairy group
had a significant reduction in plasma insulin and improvements

in HOMA-IR (29). It is worth noting that previous studies
have used different comparators or different weight-maintaining
strategies, and none of them had a similar study design to ours
for clear relevance. For example, a 6-wk crossover study among
postmenopausal women with metabolic syndrome compared the
consumption of ~3 servings/d of 2% milk to a diet devoid of
dairy (30). The study demonstrated that the consumption of 2%
milk had no effect on insulin sensitivity (30-32). Whereas, in
comparison to lower dairy intake (1-2 servings/d), high intake
of LF dairy products (4 servings/d) improved insulin resistance
as measured by HOMA-IR by 11% (P = 0.03) and had no effect
on body weight and lipid profile over 6 mo (6). Similar to our
study, participants were instructed to maintain their usual diet
and physical activity levels and were advised to incorporate dairy
by substitution so as not to increase energy intake. However,
that intervention was limited to LF dairy and to adults with
overweight and obesity. A study by Wennersberg et al. conducted
among patients with metabolic syndrome showed that adding 3—
5 servings of dairy products for 6 mo had no effect on body
composition but was associated with improvement in HOMA-IR
(7). However, a key difference is that we controlled energy intake.

Our study showed no significant benefit of increasing dairy
consumption on CVD risk factors, rather the LF and HF dairy
groups had a nonsignificant increase in HbAlc by 0.37%
(95% CI: —0.02, 0.77) and 0.23% (95% CI:. —1.16, 0.6) at
24 wk, respectively. It is possible that the effect of dairy on
glycemia is different in people with diabetes compared with those
without diabetes or those with high risk of diabetes. Our patient
population had type 2 diabetes for a relatively long duration
(13.2 £ 8.3 y). The longer duration of diabetes is associated with
progressive loss of f-cell function (33). It is possible that this
explains the absence of improvement in CVD risk factors.

Our study did not show a difference in weight change
between the 3 groups; however, body weight was higher from
baseline in the HF group. This observation might be explained
by an increased intake of energy-dense fat. Twenty studies
enrolling 1677 individuals showed that increased dairy intake was
associated with modest weight gain (40.60 kg, 95% CI: 0.30,
0.90 kg, P <0.0001). This effect was similar to LF and HF dairy
(34). Our study confirms other observations that in the absence
of caloric restriction, high-dairy consumption may be linked to
increased body weight (12).

This study did not show differences in the impact of higher
consumption of dairy products, irrespective of their fat content,
on BP. However, increased consumption of LF and HF dairy
products was associated with 5 mg/dL (95% CI: —7, 16) and
7 mg/dL (—10, 3) increase in LDL cholesterol, respectively,
although these changes were not statistically significant. It is
important to note that consumption of dairy food is frequently
associated with a better lifestyle and an overall healthier eating
pattern, which are consequently associated with more favorable
cardiometabolic profiles (35).

Our study has several limitations. It was conducted at a single
tertiary care facility, which limits generalization of the study.
Participants were not directly observed while consuming dairy
products; however, each participant completed a daily log-book
in order to report accurate dairy intake, while frequent follow-up
with a registered dietitian encouraged better adherence. Although
it was difficult to confirm their proper consumption of dairy as
instructed, participants provided us with purchasing receipts to
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confirm buying dairy products. The increase in energy intake in
the HF group and the subsequent modest gain in body weight
reflects a suboptimal ability to incorporate dairy food into a
diet while maintaining baseline energy intake. It is important
to recognize that the observed effect is not only related to the
addition of dairy but also depends on the nutrients that were
removed from the diet to replace dairy. To mitigate this bias,
participants were asked to incorporate dairy by substitution with
other foods with similar macronutrient composition. Another
limitation is the study attrition rate, which was 32%. A higher
attrition rate (49.3%) was seen in a relatively similar intervention
(36). It is unlikely that attrition rates would have an impact on
results from our study as attrition was not significantly different
between groups.

Despite randomization, HOMA-IR was unbalanced at base-
line. Although HOMA-IR is frequently used in clinical trials, it
has limitations in reflecting true insulin sensitivity in comparison
to the gold standard techniques of measuring insulin sensitivity
(37). Nevertheless, adjusting for it showed no effect on the study
outcomes. Due to possible mediation by TEI and the association
with weight gain, we included TEI in our model, and this did
not affect the results. The proportion of subjects on insulin
treatment was numerically higher in the LF group compared
with the HF and control groups; however, in our adjusted model,
percentage of subjects on insulin had no effect on study outcomes.
Epidemiologic data have shown strong inverse association of
dairy intake with HbA 1c in people without diabetes. It is possible
that antihyperglycemic medications might have weakened the
association of higher dairy intake and HbAlc.

In conclusion, this study suggests that within the same
caloric intake, increased dairy consumption, irrespective of its
fat content, to >3 servings/d in patients with type 2 diabetes has
no effect on HbAlc, body weight, lipid profile, or BP compared
with maintaining the same diet with dairy consumption of <3
servings/d.

Longer duration studies with larger sample sizes are needed to
evaluate whether it is possible to maintain higher dairy intake for
longer than 24 wk and whether the metabolic effect of high-dairy
consumption in diabetes is sustainable. It would also be helpful to
know whether specific dairy products have different effects (27).
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