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ABSTRACT
Background: Whether changes in dairy product consumption are
related to subsequent risk of type 2 diabetes (T2D) remains
unknown.
Objective: We evaluated the association of long-term changes in
dairy product consumption with subsequent risk of T2D among US
men and women.
Methods: We followed up 34,224 men in the Health Professionals
Follow-Up Study (1986–2012), 76,531 women in the Nurses’ Health
Study (1986–2012), and 81,597 women in the Nurses’ Health Study
II (1991–2013). Changes in dairy consumption were calculated
from consecutive quadrennial FFQs. Multivariable Cox proportional
regression models were used to calculate HRs for T2D associated
with changes in dairy product consumption. Results of the 3 cohorts
were pooled using an inverse variance–weighted, fixed-effect meta-
analysis.
Results: During 2,783,210 person-years, we documented 11,906
incident T2D cases. After adjustment for initial and changes in
diet and lifestyle covariates, decreasing total dairy intake by >1.0
serving/d over a 4-y period was associated with an 11% (95% CI:
3%, 19%) higher risk of T2D in the subsequent 4 y compared
with maintaining a relatively stable consumption (i.e., change in
intake of ±1.0 serving/wk). Increasing yogurt consumption by >0.5
serving/d was associated with an 11% (95% CI: 4%, 18%) lower
T2D risk, whereas increasing cheese consumption by >0.5 serving/d
was associated with a 9% (95% CI: 2%, 16%) higher risk compared
with maintaining stable intakes. Substituting 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 T2D risk,
respectively.
Conclusions: Increasing yogurt consumption was associated with
a moderately lower risk of T2D, whereas increasing cheese
consumption was associated with a moderately higher risk among

US men and women. Our study suggests that substituting yogurt or
reduced-fat milk for cheese is associated with a lower risk of T2D.
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Introduction
Type 2 diabetes (T2D) affects >380 million adults worldwide

and diet undisputedly plays a major role in its prevention (1). In
that regard, dairy products contain several bioactive compounds
potentially protective against T2D. Calcium, magnesium, whey
protein, and vitamin D are suspected to enhance insulin sensitiv-
ity (2–4), whereas lactic acid bacteria found in fermented dairy
products (e.g., yogurt and cheese) contribute to gut microbial
balance, which may reduce the risk of cardiometabolic diseases
(5). Dairy products also contain a myriad of fatty acids, mostly
saturated, with potential distinct effects on diabetes risk (6).
Long, even-chain SFAs [myristic acid (14:0), palmitic acid
(16:0), and stearic acid (18:0)] are abundant in dairy fat and have
been associated with insulin resistance and incident T2D (6, 7).
In contrast, medium- and odd-chain SFAs [caprylic acid (8:0),
capric acid (10:0), lauric acid (12:0), pentadecylic acid (15:0),
and margaric acid (17:0)] and ruminant trans fatty acids (trans-
16:1n–7) are less abundant in dairy fat, but they may improve
insulin sensitivity or have been associated with lower diabetes
risk (6, 8, 9). Still, how dairy fat, as a whole, influences diabetes
risk remains debated (10).

The most recent meta-analysis of prospective cohort studies
reported that total dairy product intakes and low-fat dairy product
intakes are modestly inversely associated with T2D risk, whereas
high-fat dairy consumption appears to be neutral vis-à-vis the risk
of T2D (11). Although evidence suggests that the consumption
of low-fat dairy products may provide advantages with regard to
T2D risk relative to high-fat dairy products, analysis of individual
dairy foods showed unclear paradoxical associations (12, 13).
Intakes of milk (reduced- or whole-fat) and cheese were not
associated with T2D risk, whereas intakes of yogurt and ice cream
were inversely associated with T2D risk (12).

Since the 1980s, trends in dairy consumption have markedly
changed in the United States. Total milk consumption has been
decreasing, whole milk is being replaced by reduced-fat milk, and
consumption of yogurt and cheese has increased severalfold (14,
15). Evaluating how changes in dairy consumption are associated
with subsequent diabetes risk in prospective cohort studies is
likely to provide a more comprehensive understanding of how
consuming these foods relates to the risk of diabetes, because it
captures the dynamic changes in intakes over time. However, to
our knowledge, no study has examined whether changes in dairy
intakes over time are associated with subsequent diabetes risk.

We analyzed data from the Health Professionals Follow-Up
Study (HPFS), the Nurses’ Health Study (NHS), and the NHS II,
in which information on dairy product consumption and diet was
collected on a quadrennial basis, for ≤26 y of follow-up. We used
these repeated assessments of diet to evaluate how changes in
dairy product consumption (total, low-fat, high-fat) are associated
with subsequent T2D risk. We also used these data to assess how
changes in intakes of individual dairy foods influence subsequent
risk of T2D.

Methods

Study population

The HPFS is a prospective cohort study of 51,529 US male
health professionals aged 40–75 y at study inception in 1986

(16). The NHS is a prospective cohort study of 121,701 US
female registered nurses aged 30–55 y at study inception in
1976 (17). The NHS II is a prospective cohort study that
included 116,430 US registered female nurses aged 25–42 y
when it was initiated in 1989 (17). In the 3 cohorts, participants
were followed using biennial validated questionnaires to update
information on medical history, lifestyle, and health conditions.
The participant follow-up rate has been ∼90% in each cohort.
Detailed descriptions of the 3 studies have been previously
published (16, 17).

In the 3 cohorts, diet and dairy product intakes were assessed
every 4 y starting in 1986 in the HPFS and the NHS, and in 1991
in the NHS II. Because we used the 4-y change in dairy product
consumption to evaluate the risk of T2D in the subsequent 4-
y period, the years 1990 in the HPFS and NHS and 1995 in
the NHS II (4 y after detailed information on diet was initially
collected) were used as baseline for the current analysis. For
the current study, we excluded participants with diabetes (type
1 diabetes, T2D, gestational diabetes), cancer, cardiovascular
disease, or who died before baseline. We excluded those whose
last returned questionnaire was at baseline. We also excluded
participants who did not complete 2 consecutive FFQs during
follow-up or who always reported implausible calorie intake
(<800 or >4200 kcal/d for men and <500 or >3500 kcal/d for
women). After exclusions, the current analysis included 34,224
men in the HPFS, 76,531 women in the NHS, and 81,597 women
in the NHS II. Supplemental Figure 1 presents the flowchart of
participants.

The study was approved by the institutional review boards of
Brigham and Women’s Hospital and Harvard TH Chan School of
Public Health. All participants gave informed consent.

Assessment of dairy product intakes and diet

In the 3 cohorts, dietary information was collected and updated
every 4 y using a semiquantitative FFQ. Participants were asked
how often on average they consumed a standard portion size of
each food in the past year, from “never or less than once per
month” to “≥6 times per day.” Questionnaire items on dairy
products included skim or 1–2% fat milk (8 oz/237 mL), whole
milk (8 oz/237 mL), cream (1 tablespoon/15 mL), sherbet (4
oz/118 mL), ice cream (4 oz/118 mL), yogurt (8 oz/237 mL),
cottage or ricotta cheese (4 oz/118 mL), cream cheese (1 oz/28
g), and other cheeses (e.g., American, cheddar, etc.; 1 slice or
1 oz/28 g). For other cheeses, participants were asked whether
they usually eat regular or low-fat/non-fat cheese. For the current
analysis, skim milk and 1–2% fat milk were grouped as “reduced-
fat milk.” “Low-fat dairy products” included reduced-fat milk,
yogurt, sherbet, cottage cheese, and other reduced-fat cheeses,
whereas “high-fat dairy products” included whole milk, cream,
ice cream, cream cheese, and other high-fat cheeses.

The reproducibility and validity of the FFQ were previously
demonstrated (18–20). For both low-fat and high-fat dairy
products, the correlation coefficients between multiple dietary
records and FFQs were 0.62 (21). For individual dairy foods,
correlation coefficients ranged from 0.38 for hard cheese to 0.97
for yogurt (22).



Dairy product consumption and type 2 diabetes 1203

Assessment of T2D

The primary outcome of the current study was incident
confirmed T2D. Cases were first identified by self-reporting from
participants on the main biennial questionnaire, and subsequently
confirmed by the completion of a supplementary questionnaire
on the symptoms, diagnostic tests, and treatment of diabetes.
Cases before 1998 were defined in accordance with National
Diabetes Data Group criteria (23). The report of ≥1 of the
following criteria was used to confirm a case of T2D: 1) ≥1
classic symptom (excessive thirst, polyuria, weight loss, hunger)
and fasting glucose concentrations ≥7.8 mmol/L or random
glucose concentrations ≥11.1 mmol/L; 2) ≥2 elevated glucose
concentrations on different occasions (fasting concentrations
≥7.8 mmol/L, random glucose concentrations ≥11.1 mmol/L,
and/or concentrations ≥11.1 mmol/L after ≥2 h shown by
oral–glucose-tolerance testing) in the absence of symptoms;
or 3) treatment with hypoglycemic medication (insulin or oral
hypoglycemic agent). After 1998, cases were defined using
the American Diabetes Association criteria, which lowered the
threshold for fasting glucose for the diagnosis of diabetes to 7.0
mmol/L, instead of 7.8 mmol/L (24).

The validity of the supplementary questionnaire for T2D
diagnosis was previously demonstrated via reconfirmation of
cases using medical records in the HPFS and the NHS (25, 26).
The prevalence of undiagnosed T2D cases was also previously
investigated in the NHS (27). It was observed that only 1 of 200
randomly selected women had fasting glucose or fructosamine
concentrations above the diagnostic cutoffs (27). Only incident
T2D cases confirmed with the supplementary questionnaire were
considered for the current study.

Assessment of covariates

Using the biennial follow-up questionnaires, we collected and
updated information on multiple T2D risk factors: age, race, body
weight, cigarette smoking, physical activity, and family history of
T2D. Information on history of hypercholesterolemia and high
blood pressure was also inquired about in the questionnaires.
In women, we ascertained menopausal status and the use of
postmenopausal hormones and oral contraceptives. Information
on alcohol intake was collected via the FFQs. We used the 2010
Alternative Healthy Eating Index (AHEI), calculated with FFQ
data, as an overall indicator of diet quality (28, 29).

Statistical analysis

We calculated each participant’s person-years from the date of
returning the baseline questionnaire to the date of T2D diagnosis,
death, or the end of the follow-up (31 January, 2012 for the HPFS;
30 June, 2012 for the NHS; and 30 June, 2013 for the NHS II),
whichever came first.

We used changes in dairy product consumption updated every
4 y as a time-varying exposure to estimate the risk of T2D in
the subsequent 4-y period (30). For instance, changes in dairy
product consumption from 1986 to 1990 were used to evaluate
the risk of T2D between 1990 and 1994, and so on.

Participants were divided into 5 categories of change in total
dairy product consumption: no change or relatively stable con-
sumption (±1 serving/wk), increase or decrease in consumption
ranging from 1 serving/wk to 1 serving/d, and increase or

decrease in consumption by >1 serving/d. For analyses with low-
fat or high-fat dairy products or individual dairy products as the
main exposure, categories of change were adjusted according to
the mean consumption as well as the distribution of change of
the main exposure. Changes in dairy product consumption were
assessed with the use of censoring of data at the 0.5th and 99.5th
percentiles to minimize the influence of outliers.

We used time-dependent Cox proportional hazards regression
models to calculate HRs of T2D for changes in dairy product in-
takes. Model 1 was adjusted for age and stratified by calendar year
in 4-y intervals. Model 2 was further adjusted for race (Caucasian,
non-Caucasian), family history of diabetes, updated history
of hypercholesterolemia and high blood pressure, menopausal
status and postmenopausal hormone use (premenopausal, post-
menopausal + current use, postmenopausal + past use, post-
menopausal + never use, missing indicator, in the NHS and
NHS II), oral contraceptive use (never, current, past, missing
indicator, in the NHS II), initial and change in smoking status
(never to never, never to current, past to past, current to past,
current to current, missing indicator), initial and change in
physical activity level (metabolic equivalents of task per week,
quintiles), initial BMI (in kg/m2) (<21.0, 21.0–24.9, 25.0–29.9,
30.0–31.9, >32.0), initial and changes in energy and alcohol
intakes (quintiles), initial and change in AHEI score (calculated
without the alcohol component, in quintiles), and initial intake
of the type of dairy product used as the main exposure (quintiles
or tertiles, depending on the model). Models with subgroup of
dairy products as the main exposure were also adjusted for initial
and change in intakes of other dairy products (quintiles). We
tested for linear trend across categories of change in dairy product
consumption by treating the median value of each category
as a continuous variable in the models. We also tested for
potential sex interactions (HPFS compared with NHS + NHS
II) using the likelihood ratio test. Considering that body weight
might represent an intermediate mediator of the association of
changes in dairy product consumption and T2D risk (31), we
conducted additional exploratory analyses by further adjusting
for concurrent 4-y change in body weight (quintiles).

We estimated the effect on T2D risk of increasing the intake of
a specific subgroup or type of dairy product while concomitantly
decreasing the intake of another subgroup or type of dairy
product, using substitution modeling (32, 33). To do so, we
calculated the HR from the difference in β-coefficients of
changes in intakes of different dairy products and the 95% CIs
from the corresponding variances and covariance after including
initial and changes in intakes of dairy products (both continuous)
in Cox proportional hazard regression models.

Analyses were conducted separately in each cohort. Results of
the 3 cohorts were pooled using an inverse variance–weighted,
fixed-effect meta-analysis to obtain overall estimates for both
sexes. The Q statistic was used to evaluate heterogeneity between
the cohorts. Statistical analyses were performed using SAS
software version 9.4 (SAS Institute Inc.). Statistical significance
was considered at P < 0.05 (2-sided).

Results
During a total of 2,783,210 person-years, we documented

11,906 incident cases of T2D (2300 in the HPFS, 5993 in the
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NHS, and 3613 in the NHS II). Table 1 presents the age-
adjusted characteristics of participants according to baseline 4-
y changes in total dairy product consumption. Mean ± SD age
of the participants at the beginning of the baseline 4-y period
was 57.5 ± 9.6 y in the HPFS, 58.1 ± 7.9 y in the NHS,
and 41.1 ± 5.4 y in the NHS II. Participants who decreased
their total dairy product consumption by >1.00 serving/d were
those with the highest initial dairy intake and total energy
intake. Those individuals had also the lowest initial AHEI
score. Individuals who increased their dairy consumption had
a similar initial AHEI score to participants who maintained a
stable consumption. During the first 4-y period, AHEI score
increased among participants who decreased their total dairy
product consumption, whereas it slightly decreased among
individuals who increased their dairy product consumption by
>1.00 serving/d. Across all categories of changes in total dairy
product consumption, milk and cheese were the most consumed
dairy products (Supplemental Table 1).

Table 2 presents HRs for T2D according to categories of
updated 4-y changes in total, low-fat, and high-fat dairy product
consumption. In the pooled analysis, participants who decreased
their total dairy intake by >1.00 serving/d had an 11% (95% CI:
3%, 19%) higher risk of T2D than did those who maintained
a relatively stable total dairy consumption (±1.00 serving/wk).
Participants who increased their total dairy product consumption
by >1.00 serving/d did not have a lower or higher risk of T2D
than those who maintained a stable consumption. Decreasing
low-fat dairy consumption by >0.50 serving/d was associated
with a marginally significant 8% (95% CI: 0%, 15%) higher
risk of T2D than maintaining a stable consumption (±0.50
serving/wk). Increasing low-fat dairy intake was not associated
with T2D risk. Changes in high-fat dairy consumption were not
associated with T2D risk.

Decreasing reduced-fat milk consumption by >0.50 serving/d
was associated with a marginally significant 7% (95% CI: 0%,
13%) higher risk of T2D (Table 3). Increasing reduced-fat milk
was not differentially associated with T2D risk compared with
maintaining a stable consumption. The association of changes
in reduced-fat milk consumption with T2D risk was marked
by heterogeneity among the 3 cohorts (P for heterogeneity
for trend analysis = 0.04) and a significant sex interaction
was found (P = 0.0007). To that extent, the prevalence of
hypercholesterolemia and high blood pressure according to
changes in reduced-fat milk intake differed between the 3
cohorts. Compared with individuals who maintained a stable
consumption, the hypercholesterolemia rate was higher among
individuals who increased their consumption by >0.50 serving/d
in the HPFS (31.1% compared with 27.7%) and the NHS (42.9%
compared with 39.1%), but not in the NHS II (20.8% compared
with 20.6%). High blood pressure prevalence was also higher
among the same individuals in the HPFS (24.3% compared with
22.7%), but not in the NHS (31.8% compared with 31.3%) or the
NHS II (8.5% compared with 9.1%). Changes in intakes of whole
milk were not associated with T2D risk (Supplemental Table 2).

Decreasing total cheese consumption was not associated with
T2D risk, but increasing total cheese consumption by >0.50
serving/d was associated with a 9% (95% CI: 2%, 16%) higher
risk than maintaining a stable consumption (Table 3). Similar
associations with T2D risk were observed when changes in
low-fat cheese and high-fat cheese consumption were analyzed

separately, with the exception that decreasing high-fat cheese
consumption was associated with a marginally significant 6–
8% lower risk of T2D (Supplemental Table 3). Compared
with maintaining a stable yogurt consumption, decreasing yogurt
intake was not differentially associated with T2D risk (Table 3).
However, participants who increased their daily yogurt intake by
>0.50 serving/d had an 11% (95% CI: 4%, 18%) lower risk of
T2D than those who maintained a stable consumption. Changes
in intakes of cream and sherbet were not associated with T2D
risk (Supplemental Table 2). Participants who decreased their
ice cream consumption had an 8% (95% CI: 1%, 16%) higher
risk of T2D, but those who increased their consumption had a
similar T2D risk to those who maintained a stable consumption
(Supplemental Table 2). In all “change-to-risk” analyses, further
adjustment for concurrent 4-y change in body weight had little or
no effect on the HRs and did not change the significance of the
results (Supplemental Table 4).

Figure 1 presents pooled HRs from substitution models for
T2D associated with increasing intake of a specific dairy product
and concomitantly decreasing intake of another dairy product
by 1 serving/d. We estimated that increasing overall low-fat
dairy consumption while decreasing high-fat dairy consumption
was associated with a 4% (95% CI: 1%, 7%) lower risk
of T2D. However, substituting reduced-fat milk for whole
milk or low-fat cheese for high-fat cheese was not associated
with subsequent T2D risk. Increasing intake of yogurt and
concomitantly decreasing cheese intake by 1 serving/d was
associated with a 16% (95% CI: 10%, 22%) lower risk of T2D,
whereas substituting 1 serving/d of reduced-fat milk for cheese
was associated with a 12% (95% CI: 8%, 16%) lower risk.

Discussion
In these 3 large cohort studies of US individuals, we observed

that increasing yogurt consumption by >0.50 serving/d was
associated with an 11% lower risk of T2D, and increasing cheese
consumption by >0.50 serving/d was associated with a 9%
higher risk, compared with maintaining a stable consumption
of these foods. We estimated that substituting 1 serving/d of
yogurt or reduced-fat milk for cheese was associated with a
16% or 12% lower risk of T2D, respectively. Our study suggests
that increasing yogurt consumption to the detriment of cheese
consumption is favorably associated with T2D risk among US
women and men.

To a large extent, the higher risk of T2D associated with
decreasing total dairy and low-fat dairy intakes, and the lack
of association between changes in total high-fat dairy product
consumption and T2D risk are both consistent with previous
studies. Indeed, most meta-analyses of prospective cohort studies
reported that total and low-fat dairy product consumption are
associated with a slightly lower risk of T2D, and that high-fat
dairy product intakes are not significantly associated with T2D
risk (13, 34).

Mendelian randomization studies on genetically predicted
milk consumption and most meta-analyses of prospective cohort
studies reported that intakes of milk, independent of milk-
fat content, are not associated with the risk of T2D (13, 35–
37). Accordingly, changes in consumption of milk were not
appreciably associated with T2D risk in the current analysis.
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TABLE 1 Age-adjusted characteristics of subjects according to baseline 4-y changes in total dairy product consumption1

Changes in total dairy product consumption

Decrease
No change or

relatively stable Increase

>1.00 serving/d >0.14 to 1.00 serving/d ±0.14 serving/d >0.14 to 1.00 serving/d >1.00 serving/d

HPFS (n = 34,224)
Participants, n 5399 9834 5624 8792 4575
Initial dairy intake, serving/d 3.70 ± 1.69 1.89 ± 1.07 1.38 ± 1.10 1.41 ± 1.04 1.70 ± 1.13
Change in dairy intake, serving/d − 2.01 ± 0.97 − 0.49 ± 0.24 0.00 ± 0.08 0.49 ± 0.24 1.96 ± 0.93
Age,2 y 57.5 ± 9.9 57.3 ± 9.6 57.3 ± 9.4 57.4 ± 9.6 58.2 ± 9.9
Initial BMI, kg/m2 25.4 ± 3.1 25.4 ± 3.1 25.2 ± 3.3 25.5 ± 3.0 25.6 ± 3.3
Weight change, kg 0.6 ± 4.4 0.6 ± 4.0 0.8 ± 4.0 0.8 ± 4.1 0.7 ± 4.4
Current smoker, % 8.5 7.9 8.5 8.2 9.9
High blood pressure, % 23.7 23.0 22.6 23.7 23.8
Hypercholesterolemia, % 29.6 30.9 28.9 28.5 25.2
Family history of diabetes, % 25.9 26.6 24.8 25.5 26.5
Initial physical activity, MET-h/wk 20.9 ± 28.0 20.2 ± 25.5 19.3 ± 25.8 19.1 ± 26.1 20.4 ± 28.2
Change in physical activity, MET-h/wk 1.0 ± 25.6 1.3 ± 24.1 2.2 ± 23.5 2.4 ± 25.3 2.1 ± 27.3
Initial total energy intake, kcal/d 2306 ± 648 1987 ± 587 1878 ± 589 1906 ± 598 2029 ± 636
Change in total energy intake, kcal/d − 348 ± 535 − 152 ± 464 − 54 ± 463 35 ± 483 211 ± 545
Initial AHEI score 52.0 ± 11.4 53.3 ± 11.4 53.4 ± 11.8 53.4 ± 11.7 53.0 ± 11.5
Change in AHEI score 2.1 ± 9.0 1.4 ± 8.8 0.9 ± 8.7 0.8 ± 8.8 − 0.5 ± 9.0

NHS (n = 76,531)
Participants, n 13,641 21,225 10,366 19,562 11,737
Initial dairy intake, serving/d 3.72 ± 1.54 2.09 ± 1.07 1.60 ± 1.11 1.56 ± 1.03 1.69 ± 1.04
Change in dairy intake, serving/d − 2.01 ± 0.95 − 0.50 ± 0.24 0.00 ± 0.08 0.50 ± 0.24 1.94 ± 0.90
Age,2 y 58.1 ± 7.9 58.1 ± 7.9 58.1 ± 8.0 58.1 ± 7.8 58.2 ± 7.8
Initial BMI, kg/m2 25.4 ± 4.9 25.3 ± 4.7 25.2 ± 4.7 25.4 ± 4.7 25.6 ± 4.8
Weight change, kg 1.1 ± 5.7 1.2 ± 5.2 1.3 ± 5.0 1.2 ± 5.2 1.1 ± 5.4
Current smoker, % 19.0 18.1 19.7 18.1 18.5
Postmenopausal, % 19.1 20.2 20.6 20.39 19.8
High blood pressure, % 31.5 31.8 31.3 32.1 31.6
Hypercholesterolemia, % 42.0 41.3 39.9 40.7 40.0
Family history of diabetes, % 28.0 27.1 27.1 27.8 27.6
Initial physical activity, MET-h/wk 15.7 ± 23.3 14.6 ± 20.4 14.2 ± 21.0 14.5 ± 20.8 14.8 ± 20.3
Change in physical activity, MET-h/wk 1.3 ± 23.3 1.8 ± 22.3 1.6 ± 21.2 2.0 ± 23.1 2.4 ± 22.1
Initial total energy intake, kcal/d 1998 ± 540 1764 ± 507 1639 ± 506 1665 ± 508 1724 ± 519
Change in total energy intake, kcal/d − 274 ± 467 − 96 ± 410 0 ± 401 83 ± 416 253 ± 462
Initial AHEI score 52.0 ± 11.0 52.5 ± 11.1 52.6 ± 11.3 52.9 ± 11.2 53.4 ± 11.4
Change in AHEI score 2.0 ± 8.9 1.2 ± 8.6 0.7 ± 8.5 0.7 ± 8.6 − 0.6 ± 8.9

NHS II (n = 81,597)
Participants, n 25,820 23,573 9051 14,269 8884
Initial dairy intake, serving/d 3.51 ± 1.48 1.89 ± 1.02 1.46 ± 1.09 1.55 ± 1.09 1.71 ± 1.09
Change in dairy intake, serving/d − 2.18 ± 1.02 − 0.54 ± 0.25 − 0.01 ± 0.08 0.48 ± 0.24 2.03 ± 1.01
Age,2 y 40.5 ± 5.2 41.2 ± 5.3 41.6 ± 5.4 41.6 ± 5.6 41.7 ± 5.9
Initial BMI, kg/m2 24.6 ± 5.2 24.6 ± 5.3 24.5 ± 5.1 24.6 ± 5.3 24.8 ± 5.5
Weight change, kg 2.9 ± 6.6 3.2 ± 6.2 3.3 ± 6.1 3.1 ± 6.5 2.9 ± 7.0
Current smoker, % 10.9 11.1 11.9 11.3 12.8
High blood pressure, % 8.3 9.3 9.3 8.9 8.3
Hypercholesterolemia, % 19.2 20.7 21.3 20.8 20.4
Family history of diabetes, % 34.2 35.1 34.8 34.5 34.0
Initial physical activity, MET-h/wk 24.1 ± 35.3 23.0 ± 33.3 22.7 ± 33.0 24.5 ± 35.4 25.9 ± 36.4
Change in physical activity, MET-h/wk − 2.9 ± 33.0 − 2.5 ± 31.4 − 2.7 ± 31.2 − 3.9 ± 34.0 − 3.5 ± 34.0
Initial total energy intake, kcal/d 1992 ± 537 1725 ± 514 1617 ± 518 1656 ± 523 1733 ± 547
Change in total energy intake, kcal/d − 153 ± 497 11 ± 459 87 ± 449 167 ± 466 276 ± 514
Initial AHEI score 47.8 ± 10.9 49.3 ± 11.2 49.4 ± 11.3 50.4 ± 11.3 50.7 ± 11.3
Change in AHEI score 1.9 ± 9.0 0.8 ± 8.9 0.6 ± 8.9 0.2 ± 9.2 0.0 ± 9.9

1Values are means ± SDs or percentages and are standardized to the age distribution of the study population. AHEI, Alternative Healthy Eating Index;
HPFS, Health Professionals Follow-Up Study; MET-h, metabolic equivalents of task; NHS, Nurses’ Health Study.

2Value is not age-adjusted.
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FIGURE 1 HRs (95% CIs) from substitution models for type 2 diabetes associated with increasing intake of a specific dairy product by 1 serving/d and
concomitantly decreasing intake of another dairy product by 1 serving/d during a 4-y period. Pooled results from the Health Professionals Follow-Up Study
(n = 34,224), the NHS (n = 76,531), and the NHS II (n = 81,597). Cox proportional hazards regression models were stratified by calendar year in 4-y intervals
and adjusted for age, race (Caucasian, non-Caucasian), family history of diabetes, history of hypertension and hypercholesterolemia, initial and change in
smoking status (never to never, never to current, past to past, current to past, current to current, missing indicator), menopausal status and postmenopausal
hormone use (premenopausal, postmenopausal + current use, postmenopausal + past use, postmenopausal + never use, missing indicator), oral contraceptive
use (never, current, past, missing indicator), initial BMI (in kg/m2) (<21.0, 21.0–24.9, 25.0–29.9, 30.0–31.9, >32.0), initial and change in physical activity
level (metabolic equivalents of task per week, quintiles), initial energy intake (quintiles), initial and change in alcohol intake (quintiles), and initial and change in
Alternative Healthy Eating Index score (calculated without the alcohol component, quintiles). Initial and changes (both continuous) in intakes of dairy products
were included in the models. HRs were calculated using the difference in β coefficients of changes in intakes of dairy products. Results of the 3 cohorts were
pooled using an inverse variance–weighted, fixed-effect meta-analysis. ∗P-heterogeneity < 0.05. NHS, Nurses’ Health Study.

Although we observed that decreasing reduced-fat milk by >0.50
serving/d was associated with a marginally higher risk, the
heterogeneity and the sex interaction in the overall association
of changes in reduced-fat milk intake with T2D risk raise
uncertainty on the true direction of the association, if there is
any (34). The heterogeneity and the sex difference observed in
this analysis may be due to the large number of cases in each
cohort. Reverse causation is another possibility. Indeed, relative
to individuals who maintained a stable consumption, individuals
who increased their reduced-fat milk intake appeared to be at
higher risk of T2D (higher prevalence of hypercholesterolemia
and high blood pressure) in the HPFS, but not in the NHS and the
NHS II (34). Still, it is unclear why reduced-fat milk consumption
changed in opposite directions among individuals at higher T2D
risk across the 3 cohorts. Regarding whole milk, consumption is
very low in our cohorts and only a small proportion of individuals
reported marked changes in consumption. Hence, we cannot
exclude the possibility that the neutral association we observed
between changes in whole milk intakes and T2D risk resulted
from a lack of statistical power.

Compared with milk, the consumption of yogurt and cheese,
both fermented dairy products, may provide further effects on
cardiometabolic health, because of their probiotic lactic acid
bacteria content (38, 39). All meta-analyses of prospective cohort
studies on yogurt consumption and diabetes risk published to
date reported a protective association (11, 13). Accordingly,
we observed that increasing yogurt consumption was associated
with a lower subsequent risk of T2D. For cheese, we observed
that increasing consumption was associated with a higher T2D

risk. On the one hand, this result is consistent with previous
data from the HPFS, NHS, and NHS II, where a modest
positive association between long-term cheese consumption and
diabetes risk was reported (34). On the other hand, it contrasts
with data from meta-analyses of prospective cohort studies
associating cheese consumption with a lower or unchanged risk
of diabetes mellitus (13, 34). One potential explanation for this
discrepancy may be related to cheese consumption habits. In the
US population, cheese is most often consumed as an ingredient
in mixed dishes (e.g., pizza, hamburgers, sandwiches), which
may influence the association between cheese consumption and
T2D risk, especially because these are food sources high in
refined carbohydrates (10). Thus, residual confounding may be
of concern, although we carefully adjusted for initial and changes
in diet quality.

Dairy fat contains several different fatty acids that may exert
opposite effects on insulin sensitivity and T2D risk (6, 10).
To date, it remains debated whether the consumption of dairy
fat is detrimental for cardiometabolic health, and whether the
consumption of low-fat dairy products provides advantages with
regard to T2D risk relative to high-fat dairy products (13, 40).
We estimated that shifting overall consumption from high-fat to
low-fat dairy products was associated with a slightly lower risk
of T2D. This observation was further supported by the lower risk
of T2D associated with replacing dairy products with high fat
content, like cheese, with dairy products with lower fat content,
like yogurt or reduced-fat milk. On the other hand, we also
estimated that substituting reduced-fat milk for whole milk or
low-fat cheese for high-fat cheese was not associated with a



Dairy product consumption and type 2 diabetes 1211

lower risk of T2D. Still, the low consumption of whole milk is
likely to have limited the statistical power of the milk substitution
analysis. Also, it is plausible that the difference in fat content
between reduced-fat milk and whole milk may be too small to
affect the risk. The same may apply for cheese because the fat
content of most low-fat cheeses remains relatively high, and low-
fat cheese consumption may provide high amounts of dairy fat.
Also, because of the challenges associated with reporting cheese
intakes from mixed dishes and other sources of measurement
errors, our ability to estimate the effect of substituting low-fat
for high-fat cheeses was considerably limited. The foregoing
would explain why we observed a reduced risk only when we
estimated the effect of substituting composites of low-fat and
high-fat dairy products. Overall, our results suggest that replacing
dairy products with high fat content, like cheese, with dairy
products with lower fat content, like yogurt or reduced-fat milk,
is associated with a lower risk of T2D. Thus, our observations
do not support that high-fat dairy products are superior to low-fat
dairy products with regard to diabetes risk, albeit that previous
studies suggested the latter (9, 41).

The strengths of our study include the study design, the large
sample size, and the high follow-up rate. Indeed, the HPFS, the
NHS, and the NHS II are among the few studies with long-
term repeated assessments of diet. This allowed us to design the
current study in order to simulate a large nutritional intervention
in which individuals would modify their consumption of dairy
products in real-world settings (30, 42). Moreover, the similar
design of the 3 cohorts allowed us to increase the statistical
power of the study by combining results. On the other hand,
the study population is mainly composed of Caucasian educated
health professionals, which may limit the generalizability of
our results. Also, measurement errors in dairy consumption are
expected. The latter particularly applies to cheese because it
is often consumed in mixed meals and prepared food. Finally,
because we do not know why and when the changes occurred
within the 4-y periods, the presence of unmeasured confounding
from other lifestyle factors might have led to some of the
between-cohort discrepancies observed in our study, even though
we carefully accounted for initial and changes in diet and
lifestyle.

In conclusion, this study suggests that increasing yogurt
consumption is associated with a lower risk of T2D, whereas
increasing cheese consumption is associated with a higher risk
among US women and men. Our analysis also suggests that
substituting yogurt or reduced-fat milk for cheese is associated
with a lower risk of T2D.
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