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Abstract

Purpose Gastroesophageal reflux disease (GERD) is a widely prevalent condition. High consumption of dairy foods and
dietary fat are associated with worse GERD symptoms. However, existing data are inconsistent and mostly based on obser-
vational studies. The purpose of this exploratory analysis of a randomized controlled trial was to investigate the impact of
low-fat and full-fat dairy food consumption on GERD symptoms.

Methods Seventy-two participants with metabolic syndrome completed a 4-week wash-in diet during which dairy intake
was limited to three servings of nonfat milk per week. Participants were then randomized to either continue the limited dairy
diet or switch to a diet containing 3.3 servings per day of either low-fat or full-fat milk, yogurt and cheese for 12 weeks.
Here, we report intervention effects on the frequency of acid reflux, and the frequency and severity of heartburn, exploratory
endpoints assessed by a questionnaire administered before and after the 12-week intervention.

Results In the per-protocol analysis (n=63), there was no differential intervention effect on a cumulative heartburn score
(p=0.443 for the time by diet interaction in the overall repeated measures analysis of variance). Similarly, the interven-
tion groups did not differentially affect the odds of experiencing acid regurgitation (p =0.651). The intent-to-treat analyses
(n="72) yielded similar results.

Conclusion Our exploratory analyses suggest that, in men and women with the metabolic syndrome, increasing the consump-
tion of either low-fat or full-fat dairy foods to at least three servings per day does not affect common symptoms of GERD,
heartburn and acid regurgitation compared to a diet limited in dairy.

Clinical trial registration ClinicalTrials.gov Identifier: NCT02663544, registered on January 26, 2016.
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Introduction

Gastroesophageal reflux disease (GERD) is common, with
a prevalence of 8.6% in Western Europe, 12.6% in Eastern
Europe, and 12.3% in North America [1]. Per the Montreal
definition, GERD is the mild presentation of heartburn
(HB) and acid regurgitation (AR) at least twice weekly, or
moderate-to-severe presentation at least once weekly [2].
The pathogenesis of GERD is multifactorial: contribut-
ing factors include decreased lower esophageal sphincter
(LES) pressure, higher frequency of transient LES relax-
ations (TLESRs), and structural changes at the gastroe-
sophageal junction [3, 4]. Patients with GERD suffer from
impaired quality of life due to reduced functioning and
sleep, and are at increased risk for developing functional
bowel diseases [5]. It has been estimated that the average
medical cost for a patient with GERD is double that of a
healthy individual, leading to annual economic costs in the
United States alone of ~ $24 billion [5].

Medical treatment includes the use of antacids, proton
pump inhibitors, and histamine 2-receptor antagonists [6].
Discontinuation of treatment often results in relapse of
symptoms, because these drugs do not reverse the patho-
genesis of GERD [7]. Therefore, lifestyle and dietary
modifications are currently regarded as the first line of
therapy. Lifestyle factors including obesity, smoking, and
strenuous physical activity; dietary factors like large meals
and high fat intake; and specific foods such as chocolate,
coffee, and spicy foods have all been identified as potential
risk factors for the development and progression of GERD
[5, 7, 8]. Medical advice recommends patients with GERD
target these lifestyle and dietary factors. However, most
of these recommendations are based on limited evidence
from observational studies [7], highlighting the need for
stronger evidence on how specific dietary factors influence
GERD symptoms.

Dairy is another dietary factor that a limited number of
mostly observational studies has linked to GERD. Ndebia
et al. [9] found that milk and milk products are risk factors
for acid regurgitation. Caselli et al. [10] proposed food
intolerance as a potential pathogenic pathway to explain
milk as a risk factor for GERD, based on their pilot study
wherein individuals with a positive leukocytotoxic test
reaction to dairy foods improved their GERD symptoms
by avoiding dairy. On the other hand, some findings sug-
gest that dairy has a protective effect against GERD as
frequent milk consumption has also been associated with
reduced risk of experiencing GERD symptoms [11, 12].
While most of these studies did not differentiate between
low-fat and full-fat dairy foods, the fat content of dairy
foods may be an important factor, as some studies have
reported a positive correlation between fat content of milk
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and heartburn symptoms [13, 14]. Consumption of higher
fat foods delays gastric emptying and leads to gastric dis-
tention, a suggested trigger of TLESRs, which is another
factor linked to the pathogenesis of GERD [7]. Although
both total fat and saturated fatty acid intake have been
associated with risk for GERD symptoms [15], the litera-
ture has not distinguished between the different sources of
saturated fatty acids, so it is unclear what role, if any, dairy
fat may play. Other studies again observed no associations
between risk for GERD and the consumption of milk [16]
or dairy foods [15].

Collectively, modest evidence suggests an association
between the consumption of dairy foods, particularly full-
fat dairy, and symptoms of GERD. However, this evidence is
almost entirely based on data from observational studies, and
is inconsistent. To our knowledge, no study has investigated
the effect of both low-fat and full-fat dairy consumption on
symptoms of GERD using a randomized controlled design.
Therefore, this study aimed to explore the impact of dairy
consumption, and the fat content of dairy consumed, on the
frequency of acid reflux and frequency and severity of HB,
using data from a randomized controlled dietary interven-
tion trial.

Methods
Study participants

The clinical portion of this study was completed between
January 2016 and October 2018. We recruited men and
women with metabolic syndrome living in the greater Seattle
area (Supplemental Material 1). A full description of recruit-
ing and screening procedures has been previously published
[17]. In short, we identified 4277 potentially eligible indi-
viduals from an automated screen of the University of Wash-
ington (UW) Medical Center electronic medical record sys-
tem; screened 354 by telephone and 130 in person at Fred
Hutchinson Cancer Research Center (FHCRC); enrolled 76;
and randomized 72 to one of three dietary intervention arms.
Screening procedures included anthropometric measure-
ments and complete medical, nutritional, physical activity,
and medication history questionnaires.

Study design and diets

Following the study initiation visit, all eligible participants
completed a 4-week wash-in diet period. During this period,
participants were asked to consume a maximum of three
servings of nonfat milk per week, not to consume any other
dairy products, and otherwise to consume their habitual diet
ad libitum. Dietary compliance was assessed at a check-in
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visit during the wash-in diet period when participants came
to FHCRC to pick up dairy products. Each participant also
completed two unannounced 24 h dietary recall interviews
during the wash-in phase, which were administered by staff
from the FHCRC Nutrition Assessment Shared Resource not
otherwise associated with the study team. Participants were
excluded from the trial for noncompliance if they consumed
more than three servings of non-study dairy products over
the first 2 weeks of the study, failed to complete one or more
daily dairy logs, or did not complete at least one of the two
24 h dietary recall interviews during this period. Individuals
excluded for noncompliance or who dropped out during the
wash-in period were not randomized, did not complete any
clinic visits, did not count toward the recruitment goal, and
were not included in any statistical analyses.

In the last week of the wash-in phase, participants com-
pleted clinic visit 1 at the UW Translational Research Unit,
where they completed a GERD questionnaire to assess the
frequency of acid regurgitation and the frequency and sever-
ity of HB, both during the day and at night (Supplemental
Material 2). We also collected anthropometric measure-
ments and participants completed a modified Blair PAQ and
a health questionnaire to assess changes in physical activity,
illness and medication/supplements.

Following completion of the wash-in diet phase and
baseline assessments at clinic visit 1, participants were ran-
domized to one of three intervention arms. We utilized a
block randomization procedure stratified by gender and the
homeostasis model assessment index of insulin resistance
(HOMA, <5.0 vs. >5.0 or diagnosis of diabetes). Subjects
either continued to consume a diet with little dairy (“lim-
ited dairy diet”, control), or switched to a diet including 3.3
servings/day of either nonfat/low-fat dairy products (“low-
fat dairy diet”) or full-fat dairy products (“full fat dairy
diet”). The rationale for providing 3.3 servings per day was
to ensure that all participants included in the per protocol
analysis (consumption of >90% of administered dairy foods,
among other criteria; see below) would consume at least
the 3 servings per day that are recommended as part of the
Dietary Guidelines in the United States [18]. The FHCRC
Human Nutrition Laboratory provided all dairy products to
participants.

The limited dairy diet included three servings/week of
nonfat milk (i.e., skim milk). The low-fat dairy diet included
23.1 servings/week of nonfat or low-fat dairy products, for
an average of 3.3 servings per day. These 23.1 weekly serv-
ings consisted of eight servings of nonfat milk, 7.1 serv-
ings of nonfat yogurt, and eight servings of low-fat cheese
(11-21% fat). In the full-fat dairy diet arm, participants were
also provided with 23.1 servings/week, consisting in this
case of eight servings of whole milk (3.25% milkfat), 7.1
servings of plain full-fat yogurt (3.1% milk fat), and eight
servings of full-fat cheese (21-33% fat). Low-fat and full-fat

versions of al study milk, yogurt, and cheese products were
procured from the same manufacturer, with the only dif-
ference being the fat content of the specific dairy food (for
more detail, see Schmidt et al. [17]). One serving of milk
was 240 mL, one serving of yogurt 170 g, and one serving
of cheese 42.5 g. The total content of dairy fat averaged
0.3 g/day, 8.7 g/day, and 28.5 g/day in the limited, low-fat
dairy, and full-fat dairy groups. Participants randomized to
the low-fat and full-fat dairy diets were asked to consume
all of the dairy products that were provided to them for a
given week. Consumption of the nonfat milk was optional
for participants randomized to the limited dairy arm. All
participants were asked to not consume any other dairy
products. Participants kept a daily dairy log of any dairy
foods eaten, including study and non-study dairy foods, to
track compliance. Participants also recorded any changes in
medication or supplement intake as well as any illness. Par-
ticipants visited the FHCRC Human Nutrition Laboratory
every 1-2 weeks to meet with a kitchen staff member, return
any leftover dairy foods, and receive a 7-14-day supply of
dairy products. Staff weighed all returned dairy products to
assess the amount of dairy foods consumed. Additionally,
the returned dairy logs were compared against the returned
dairy foods and checked for compliance. We contacted par-
ticipants by phone if compliance was below the desired level
(i.e., <90% of the study dairy foods were consumed, and/
or non-study dairy foods were consumed regularly). Dur-
ing the intervention period, participants also completed two
additional modified Blair PAQs at approximately 4-week
intervals. Participants also completed three additional unan-
nounced 24-h recalls during the intervention phase.

During clinic visit 2, completed 12 weeks + 1 week after
starting the intervention diet, participants completed the
same GERD questionnaire administered at clinic visit 1. All
the other data collected at clinic visit 1 were also collected
at clinic visit 2.

Statistical analysis

This was an exploratory analysis of data collected from a
randomized controlled dietary intervention trial designed
and powered to test the impact of low-fat and full-fat dairy
foods on glucose homeostasis. Statistical analyses were per-
formed using SPSS for Windows (Version 26; IBM). All
data are reported as means + standard deviations for nor-
mally distributed variables, or medians (25th; 75th percen-
tile) for non-normally distributed variables, or percentages
for categorical variables. Key baseline characteristics were
compared by study arm to ensure successful randomization,
defined as a p value> 0.1 in statistical tests across the three
dietary intervention groups. We conducted both an intent-
to-treat (ITT) and a per-protocol analysis. For the ITT analy-
sis, which included all randomized participants, we used
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multiple imputations to generate five complete datasets,
and all analyses were run on all five. For the per-protocol
analysis, participants were included if they (a) completed the
dietary intervention and all clinic visits, (b) were compli-
ant with the dietary regimen (defined as consuming at least
90% of the study dairy foods provided, and consuming 10 or
fewer servings of non-study dairy foods during the 12-week
intervention period), and (c) had complete data from the
GERD questionnaire.

We also compared changes in other dietary variables that
may have resulted from the dietary intervention by conduct-
ing repeated measures analyses of variance (RM-ANOVA),
with time (clinic visit 1 vs. clinic visit 2) as the within-
subjects variable and diet group (limited dairy vs. low-fat
dairy vs. full-fat dairy) as the between-subjects variable, to
determine whether there was a significant differential change
during the intervention period (i.e., a time X diet group inter-
action). Logarithmic transformations were performed on all
outcome variables that were not normally distributed, which
included energy intake (kcal/d), the added sugars/fiber-
ratio, protein intake (% of energy intake), calcium intake
(mg/1,000 kcal), and the changes in carbohydrate intake
(% of energy intake), the added sugars/fiber ratio, fat intake
(% of energy intake), and saturated fat intake (% of energy
intake). Any significant overall time X diet group interaction
was followed up with three post hoc repeated RM-ANOVAs
with two intervention groups included at a time.

Primary outcome 1: Heartburn Score: A HB score was
calculated by adding the products of frequency score (0—4)
and severity score (0-3) for HB during the day and at night,
resulting in a score ranging from 0 to 24 for each partici-
pant (Supplemental Material 2). The HB score was analyzed
using RM-ANOVA, with time (clinic visit 1 vs. clinic visit
2) as the within-subjects variable and diet group (limited
dairy vs. low-fat dairy vs. full-fat dairy) as the between-sub-
jects variable, to determine whether there was a significant
time X diet group interaction. Logarithmic transformations
were performed on all outcome variables that were not nor-
mally distributed, which included age, BMI, energy intake,
physical activity, heart burn score, change in weight, change
in waist circumference, and change in physical activity.

Primary outcome 2: Acid Regurgitation: AR was dichoto-
mized as “never”, for participants who indicated they did
not experience AR, and “ever”, for participants who indi-
cated they experienced any frequency of AR. We created
a binomial logistic regression model to analyze the effect
of the dietary interventions on AR at the conclusion of the
intervention period (clinic visit 2), adjusted for baseline AR
(clinic visit 1).

We also conducted sensitivity analyses for both primary
outcomes 1 and 2, excluding participants who had ever been
diagnosed with GERD or who used medication for GERD
(antacids, PPIs or H,RAs) at any time point. Similarly, we
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conducted sensitivity analyses adjusting for changes in
GERD medication use during the intervention period of
the study (decreased use, stable use, increased use). We
also conducted sensitivity analyses adjusting for changes
in body weight, waist circumference, total energy intake,
physical activity, and dietary fiber intake. And lastly, we
conducted sensitivity analyses adjusting for any dietary
variable that changed differentially during the intervention,
which included energy intake, carbohydrate intake, total
sugar intake, fiber intake, total fat intake, saturated fatty acid
intake, monounsaturated fatty acid intake, protein intake,
calcium intake, and the 2015 Healthy Eating Index. This
was done by re-running the overall RM-ANOVA model (for
HB score) and binomial logistic regression model (for AR),
including each of these baseline or change variables as co-
variates. The alpha-error level was set to 5%.

Results
Description of participants

All 72 participants randomized to one of the three interven-
tion groups (n =24 in all three groups) were included in the
ITT analysis. Nine subjects were excluded from the per-
protocol analysis for a total of 63 participants. Three of the
nine excluded participants dropped out of the study prior to
the final clinic visit, two were excluded for noncompliance
with the dietary intervention, and four participants did not
have complete data from the GERD questionnaire collected
at one or both clinic visits. At the screening visit, fourteen
of the 63 participants indicated a past medical diagnosis of
GERD, and 36 participants reported regularly experiencing
either AR, HB, or both. Ten took GERD-related medications
at baseline (clinic visit #1). During the intervention period,
one participant in the full-fat dairy group reported a reduc-
tion in GERD medication use, and three participants (two in
the full-fat, and one in the limited dairy group) began using
GERD medications. There were no significant differences in
key baseline characteristics between the intervention groups
in both ITT and per-protocol (Table 1) analyses.

Adherence of intervention

Based on data from the Human Nutrition Laboratory on
administered and returned study dairy foods and partici-
pants’ dairy log entries of consumed non-study dairy foods,
per protocol participants (n=63) consumed 98.3 +1.7% and
98.0+2.8% (mean + SD) of the study dairy foods provided
to them during the low-fat and full-fat dairy intervention
diet periods, respectively (Table 2). During the limited
dairy intervention period, participants consumed an aver-
age of 76.5 +33.6% of the provided (non-mandatory) nonfat
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Table 1 Baseline characteristics of study participants included in the per protocol analysis (n=63)
Variable Limited N=20 Low-fat N=23 Full-fat N=20 P value
Age (y) 56 (45; 69) 63 (58;71) 64 (57; 67) 0.328
Male sex (%) 60 57 60 0.965
Caucasian race (%)* 70 78 75 0.631
Body mass index (kg/m?) 33.2(28.7;36.2) 31.4 (26.8; 40.0) 31.0 (27.4;35.4) 0.876
Waist circumference (cm) 112+10 110+ 17 111+13 0.944
Total energy intake (kcal) 1968 (1621; 2269) 2029 (1505; 2428) 1805 (1399; 2113) 0.429
Total fat intake (% of total energy) 34.1+£584 343+79 34.8+9.2 0.963
Total fiber intake (g) 23.9+9.3 25.1+8.7 21.6+9.3 0.435
Fiber (g/1,000 kcal) 12.5+5.2 12.6+3.5 11.9+4.2 0.847
Physical activity level (MET-h/wk) 38.0 (26.0; 55.8) 40.5 (24.5;92.7) 36.3 (18.9; 48.1) 0.311
Past medical diagnosis of GERD (%) 10 17 25 0.464
Is taking GERD medication (%) 15 13 15 0.978
Any GERD symptoms on habitual diet (at screen- 50% 57% 65% 0.734
ing) (%)
No acid regurgitation in wash-in phase (%) 95 87 80 0.368

Data are means + standard deviations, or medians (25th; 75th percentile, for non-normally distributed variables), or percentages (for categorical
variables)

MET metabolic equivalent of task, GERD gastroesophageal reflux disease

*Sample size for Caucasian Race: limited n =20, low-fat n=22, full-fat n=20 (no data for one participant in the low-fat dairy group)

Table 2 Consumption of dairy foods (administered study dairy foods minus returned study dairy foods) of participants who were included in the
per protocol analysis®

Limited dairy group (n=20) Low-fat dairy diet (n=23) Full-fat dairy diet (n=20)

Wash-in Intervention Wash-in Intervention Wash-in Intervention
Reduced-fat milk (servings/d)  0.41 (0.26, 0.42) 0.40 (0.21,0.42) 0.42(0.36,0.43) 1.12(1.08,1.12) 0.42(0.37,0.42) 0.0 (0.0, 0.0)
Reduced-fat yogurt (servings/d) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.00 (0.97, 1.01) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
Reduced-fat cheese (servings/d) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.14 (1.13, 1.14) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0)
Whole milk (servings/d) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.12 (1.11, 1.13)
Full-fat yogurt (servings/d) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.01 (0.94, 1.01)
Full-fat cheese (servings/d) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.14 (1.13, 1.16)

4n=63. Values are medians [IQRs]. One serving was defined as 240 ml for milk, 170 g for yogurt, and 42.5 g for cheese

milk. Consumption of non-study dairy foods was 0.6 + 1.0,
0.6+0.9, and 1.3 +2.3 total servings during the 12 weeks of
the limited, low-fat, and full-fat dairy diet periods, respec-
tively. Consistent data on total consumption of dairy foods
were obtained from the average of three unannounced 24 h
dietary recall interviews conducted during the intervention
period.

Effects of the intervention on habitual dietary
intakes

Avoiding or including dairy foods affected the diets of par-
ticipants in the three intervention groups differently, in a
number of ways (Supplemental Material 3). Specifically,
energy intake increased in the full-fat dairy group compared

to both the limited and the low-fat dairy group. As a percent-
age of total energy intake, total fat and saturated fatty acid
intake increased while carbohydrate intake decreased in the
full-fat dairy group compared to the low-fat dairy group.
The 2015 Healthy Eating Index increased in the low-fat
dairy group compared to the full-fat dairy group, and cal-
cium intake increased in both dairy groups compared to the
limited dairy group.

Effects of the intervention on heartburn and acid
regurgitation

In the per-protocol analysis, there was no effect of the dairy
interventions on HB symptoms, as assessed by the HB score
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time x diet p=0.443
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Fig.1 Change in the Heartburn Score in the three dietary interven-
tion groups (per protocol analysis, n=63). Boxes represent 25th-75th
percentiles, and whiskers 5th and 95th percentiles, with outliers rep-
resented by a solid dot. Medians are represented by horizontal bars
across the boxes and means are represented by crosses. The p value
for the time by diet interaction from the overall repeated measures
analysis of variance is displayed at the top

Table 3 Presence of acid regurgitation in the per protocol analysis
(n=63)

No acid regur-  Experienced acid

gitation regurgitation®

Limited dairy group (n=20)

Wash-in phase 19 (95) 1(5)

Intervention phase 17 (85) 3(15)
Low-fat dairy (n=23)

Wash-in phase 20 (87) 3(13)

Intervention phase 19 (83) 4(17)
Full-fat dairy (n=20)

Wash-in phase 16 (80) 4 (20)

Intervention phase 18 (90) 2 (10)

*Experienced acid regurgitation include participants who indicated
experiencing acid regurgitation either O—1 times/month, 2—4 times/
month, 1-6 times/week, or 1+ times/day

Data are n%

(p=0.443, Fig. 1). The intervention groups also were not
significantly associated with AR after adjusting for baseline
(clinic visit #1) AR (p=0.651) (Table 3).

Sensitivity analyses adjusting for changes in GERD medi-
cations during the intervention, or excluding participants
with a past medical history of GERD or GERD-related med-
ication use did not impact the overall intervention effect on
frequency of AR or HB score. Similarly, sensitivity analyses
adjusting for changes in body weight, waist circumference,
total energy intake, fiber intake (in g/1,000 kcal), carbohy-
drate intake, fat intake, protein intake, saturated fatty acid
intake, monounsaturated fatty acid intake, total sugar intake,
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the 2015 Healthy Eating Index, calcium intake, or physical
activity also did not impact the overall intervention effect
on either of the two primary outcomes. These findings were
identical in the ITT analyses including all 72 randomized
participants.

Discussion

In this exploratory analysis of data from a randomized con-
trolled dietary intervention trial, we found that neither the
consumption of low-fat nor full-fat dairy products, includ-
ing milk, yogurt, and cheese, had an effect on HB or AR
symptoms in men and women with metabolic syndrome.
These findings were consistent in both I'TT and per-protocol
analyses, and remained robust in sensitivity analyses that
adjusted for past medical history of GERD, use of GERD
medications, changes in GERD medications during the inter-
vention period, and anthropometric, dietary, and lifestyle
changes that may affect GERD symptoms.

To our knowledge, this is the first study to investigate the
effects of both low-fat and full-fat dairy consumption on
GERD symptoms using data from a randomized controlled
trial. Our results are consistent with findings from two obser-
vational studies also conducted with participants from the
USA that observed no associations between risk for GERD
and milk [16] or dairy foods [15]. Both of these studies used
food frequency questionnaires to assess dietary intakes and
did not distinguish between the different fat contents of dairy
products, and what products constituted the dairy food group
was not defined in the latter study. GERD symptoms were
assessed by a simple questionnaire to determine frequency
of either HB or AR [16], or a 32-question validated Gas-
troesophageal Reflux Questionnaire [15]. In comparison, we
used a questionnaire with five questions to assess frequency
of AR and both frequency and severity of HB during the
day and at night.

On the other hand, our results contradict findings from
several other observational studies. Ndebia et al. [9] reported
that the consumption of milk and milk products was strongly
associated with AR among healthy South African adults in
unadjusted analyses. They found that milk product con-
sumption, as assessed by food frequency questionnaire, was
associated with the greatest number of reflux parameters,
as objectively measured by 24 h esophageal pH-impedance
monitoring. Unfortunately, potential confounding by other
dietary or non-dietary factors was not addressed in this
study. This contrasts with Nam et al. [11] and Chowdhury
et al. [12], both of which reported milk as a protective factor
for symptoms of GERD. The former, a case—control study
from South Korea, analyzed data collected from 3-day food
records and GERD questionnaires to find that the third
and fourth quartiles of milk consumption were associated
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with a reduced risk of GERD symptoms. The latter was a
cross-sectional study from South India, where a survey was
employed to assess GERD symptoms, lifestyle factors, and
specific dietary intakes. These authors found that consum-
ing milk less than three times per week was associated with
GERD symptoms compared with higher milk consumption.
Considering the design of these observational studies, it is
not possible to exclude reverse causation underlying these
associations, making this literature largely inconclusive.

In our trial, we found no difference in the effect of low-
fat vs. full-fat dairy on GERD symptoms. This finding is
not consistent with findings from two other studies suggest-
ing that there may be a relationship between the fat content
of dairy and GERD. Feldman and Barnett [13] observed a
significant positive correlation between fat content of milk
and self-reported frequency of HB in a cross-sectional study
among middle-aged men and women with a history of HB.
Babka and Castell [14] observed a decrease in LES pres-
sure following ingestion of whole milk and an increase in
LES pressure with nonfat milk in six young, healthy adults
(19-24 years). Given that decreased LES pressure is hypoth-
esized to contribute to the pathogenesis of GERD [6], these
data suggest that dietary fat intake could affect GERD
symptoms. However, these findings are only generalizable
to young adults, which is an important limitation given that
GERD is more prevalent among adults older than 50 years
[19]. It is also worth considering that the effect of a diet
rich in dairy fat may differ dependent on which foods are
consumed, such that the full-fat diet in our study may not
have affected GERD symptoms, because participants con-
sumed dairy foods with a complex matrix, such as cheese
and yogurt along with milk.

Overall, the literature on the impact of dairy on symp-
toms of GERD is very inconsistent. Some of these incon-
sistencies could be attributed to the large heterogeneity of
studies in terms of study population, outcomes measured,
and data collection tools. There are several discrepancies
about the criteria used to define GERD symptoms[19], and
studies used different GERD questionnaires to assess out-
comes. These questionnaires rely on self-reported data from
participants and, therefore, are subject to recall bias, and
the rating scales employed could be open to interpretation.
Some studies opted for more objective measurement tools
like esophageal pH-impedance monitoring and intralumi-
nal pressure measurements, but did not always report how
these measures compared to clinical symptoms experienced
by participants. Another hypothesis that may explain these
inconsistencies is the potential role of food intolerances in
the development of GERD. The use of leukocytotoxic test-
based exclusion diets with GERD patients in the double-
blind, randomized, controlled pilot trial of Caselli et al. [10]
provides compelling evidence for this theory. Interestingly,
this study found that milk was the most frequent food type to

induce leukocytotoxic test positivity, affecting 84% (32/38)
of participants in this trial. While this may indicate that
individuals with GERD symptoms may be more likely to
have milk intolerance, it also suggests that the relationship
between diet and GERD may be more individualized than
previously thought.

Strengths of our study include the randomized, controlled
study design, making it the first trial to test effects of low-fat
and full-fat dairy food intake on GERD symptoms; strong
adherence rates; the standardized wash-in diet limited in
dairy; and the inclusion of a wide variety of dairy foods,
including fermented versus non-fermented and full-fat ver-
sus low-fat versions. However, our study also had several
limitations. Data were collected from a study that was not
designed to specifically test the impact of dairy foods on
GERD symptoms. While more than 50% of participants in
each group reported symptoms of GERD (HB, AR, or both),
while on the limited dairy wash-in diet period, 27 of the 63
participants included in the per protocol analysis did not
suffer from even mild symptoms of AR or HB at baseline.
Unquestionably, this may have reduced our ability to detect
effects of dairy foods on GERD symptoms. Due to the lack
of a power calculation for this exploratory analysis, it is also
unclear whether we were adequately powered to detect dif-
ferences in GERD symptoms between the three study arms,
especially in the sensitivity analyses. It may also be subop-
timal that we used a questionnaire to assess GERD symp-
toms, as opposed to objective pH testing, and that the ques-
tionnaire we used had not previously been validated. It also
remains possible that some selection bias may be present, as
individuals who are aware of GERD symptoms in response
to dairy may have chosen not to participate. Additionally,
the generalizability of our findings to populations other than
those with metabolic syndrome is uncertain, as is the effect
of dairy foods other than milk, yogurt, and cheese, such as
butter, cream, or ice cream. It is, therefore, unclear whether
our findings can be extrapolated to the population of GERD
patients for whom this research is most relevant. Lastly, the
duration of the intervention may have been insufficient to
fully capture dairy effects on GERD symptoms.

In conclusion, our study indicates that consuming three
servings of dairy per day, regardless of fat content, does
not have an effect on AR or HB in men and women with
metabolic syndrome. This suggests that consuming dairy
may not necessarily trigger, worsen, or alleviate the com-
mon GERD symptoms. Given the widespread prevalence of
GERD, and that clinicians often offer dietary advice as a first
line of therapy, it is important to better understand the role
of specific dietary factors in the pathogenesis and manage-
ment of GERD. Future intervention studies should investi-
gate the effects of different types of dairy foods on AR and
HB among participants that have been clinically diagnosed
with GERD. Such studies may also benefit from considering
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the role of individual food intolerances and other lifestyle or
dietary factors that may mediate symptoms of GERD, like
meal size, macronutrient meal composition, and the time
lapse between eating meals and lying down.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-022-02855-6.
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