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INTRODUCTION

Gastroesophageal reflux disease (GERD) is one
of the most common chronic disorders of upper
gastrointestinal tract. It is mostly characterized by
an abnormal reflux of the gastric contents into the
esophagus, leading to symptoms such as heartburn
and/or acid regurgitation.? The prevalence of GERD
in the general population is globally estimated to be
15%-20%.5! In Asia, GERD has been reported to be less
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prevalent than the Western countries.™ The prevalence
of GERD in Iran has been reported to be widely ranged
between 1.9% and 52%, based on different definition
criteria and study populations.>® GERD resulted
in economic burdens and reduced quality of life for
patients.”!

The prevalent defects that play significant roles
in pathogenesis of GERD are delayed gastric
emptying, reduced pressure in the lower esophageal
sphincter (LES) and increased number of transient
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LES relaxation episodes.®! Some risk factors for GERD
include environmental factors such as obesity,!'*! smoking,
alcoholism,"! and probable genetic factors.'” In addition,
some specific food items such as high fat diets have been
correlated with increased risk of GERD.[!!

The relationship between fruit and vegetable consumption
and GERD has been investigated in limited number of
studies with conflicting results.®'""1 Some studies have
indicated that fruit and vegetable consumption and
fiber intake have a protective effect on GERD.B!131316]
However, higher risk for GERD among fruit and vegetable
consumers has been reported by other investigations.["!
As dietary fibers scavenge nitrites in the stomach, which
were produced in the gastric acidic environment and
make LES relaxed, fiber may have preventative effects
against reflux.” Due to the high prevalence of GERD and
its negative impacts on quality of life and the high costs of
treatment, finding modified environmental-based strategies
may play an important role in prevention. The association
between fruit and vegetable intake and GERD has been less
studied in the Middle Eastern area, where dietary intakes
are different from other parts of the world.[' The current
study was conducted to investigate the relationship between
fruit and vegetable consumption and GERD among a large
group of Iranian adults.

MATERIALS AND METHODS

Participants

This project was designed and carried out in the framework
of the study on the epidemiology of psychological,
alimentary health and nutrition (SEPAHAN). SEPAHAN
was a cross-sectional study, on nonacademic staffs of
Isfahan University of Medical Sciences (IUMS) working in
different centers across Isfahan province. The study design,
sample selection, characteristics of study participants
as well as details on data collection methods have been
presented elsewhere.['¥ Using a validated self-administered
questionnaire, detailed information on gastrointestinal
and lifestyle-related profile of 3979 adults was available
for further statistical analysis. The Regional Bioethics
Committee affiliated to IUMS approved the study protocol.

Assessment of fruit and vegetable consumption

Usual dietary intakes during the preceding 12 months
were assessed using a validated 106-item self-administered
semi-quantitative dish-based food frequency
questionnaire (FFQ), especially designed for adults living
in Isfahan province.™ The semi-quantitative FFQ included
36 questions to assess intake of most commonly consumed
fruits and vegetables (raw or cooked as mixed dishes). Those
fruits and vegetables that are consumed raw are cucumbers,
tomatoes, dates, raisins, herbs, dried berries, salad, citrus,
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apples or pears, cherries, apricot, plum, raw onions, kiwi,
strawberries, grapes, pomegranate, mulberry, banana, figs,
and all kinds of fruit juice.

Assessment of gastroesophageal reflux disease

A validated self-administered questionnaire was applied to
assess the frequency of heartburn in the past 3 months.['™!
We used a four-item rating scale for the assessment of
symptoms’ frequency (never, sometimes, often, or always).
In addition, we asked about the severity of heartburn
using a four-item rating scale (mild, moderate, severe, and
very severe). Participants who reported the presence of
heartburn sometimes or more during the past 3 months
were considered to be suffering from GERD.

Assessment of other variables

Standard questionnaires were distributed to collect
information on age, gender, and educational status. Weight,
height, smoking status (nonsmoker, ex-smoker, and current
smoker), and the presence of diabetes mellitus (yes/no) were
evaluated by means of a self-administered questionnaire.
Levels of physical activity of study participants were assessed
by the General Practice Physical Activity Questionnaire.
This questionnaire is a simple validated screening tool for
ranking adult people’s physical activity with focusing on
current general activities.™ Participants were classified
into four categories: active (>3 h/week), moderately
active (1-3 h/week), moderately inactive (<1 h/week),
and inactive (no physical activity), based on the type and
intensity of their physical activity in work hours and during
the weekends. The pattern of tea consumption (never
or <1 cup/month, 1-3 cups/month, 1-3 cups/week,
4-6 cups/week, 1 cup/day, 2-4 cups/day, 5-7 cups/day,
8-11 cups/day, or at least 12 cups/day) was also assessed
by a pretested questionnaire. Fluid intake was evaluated
through questions on the consumption of water, soft drinks,
yogurt drink (“dough”), and other beverages, before, after,
or during meals, which participants could answer as never,
sometimes, often, or always. Regularity of meals was also
assessed and quantified as never, sometimes, often, or
always having regular meals. Quality of chewing was also
evaluated (not very well, well, or very well).

Statistical methods

Participants were categorized based on tertiles of fruit,
vegetable, as well as fruit and vegetable intake. Comparison
of continuous variables across different categories of fruit,
vegetable as well as fruit and vegetable intake was assessed
using one-way analysis of variance. Chi-square test was
used to examine the distribution of participants in terms
of categorical variables across different categories of fruit,
vegetable, and fruit and vegetable intake. The relationship
between fruit, vegetable, and fruit and vegetable intake
and GERD was examined using logistic regression in
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different models. First, the relationship was assessed in
crude model. Then, age, gender, and energy intake were
adjusted for in the first model. We further controlled for
smoking, self-reported diabetes, and physical activity
in Model II. Dietary behaviors including eating rate,
chewing quality, frequency of breakfast, meal regularity,
intrameal fluid intake, and frequency of fried food intake
were additionally adjusted in the third model. Dietary
intakes including fat intake, dairy, nuts and legumes, tea,
carbonated drinks, and processed meat were additionally
adjusted in Model IV. Further adjustment for body mass
index (BMI) was performed in the last model. In all models,
participants in the first category of fruit, vegetable, fruit and
vegetable intake were considered as the reference category.
The Statistical Package for the Social Sciences (SPSS Inc.,
version 18.0, Chicago, IL, USA) was used for all analyses,
and P <0.05 was considered statistically significant.

RESULTS

The prevalence of GERD among 3979 participants of
the study was 23.9%. General characteristics of study
participants across tertiles of fruit and vegetable intake are
specified in Table 1. Food intake of study participants across
tertile of fruit and vegetable intake is presented in Table 2.
Participants in the last tertiles of fruit, vegetable, fruit and
vegetable intake had statistically different intake of energy,
fat, carbohydrates, proteins, red meat, processed meat,
fruit, vegetables, nuts and legumes, and dairy products, as
compared to those in the first tertile of intake.

The prevalence of GERD across tertiles of fruit and vegetable
intake is provided in Figure 1. Higher intake of fruits was
associated with a lower prevalence of GERD. Moreover,
GERD was significantly less prevalent among individuals
in the top tertile of fruit and vegetable intake compared to
those in the bottom tertile.

Multivariable-adjusted odds ratio (OR) for GERD across
tertiles of fruit and vegetable intake is shown in Table 3.
Those with the highest fruit consumption had 22% lower
risk for GERD in comparison to those with the lowest
intake (OR = 0.78, 95% confidence interval [CI]: 0.65-0.94).
After adjustment for confounders, participants who
were in the third tertile of fruit consumption had
25% lower risk for GERD in comparison to these in the first
tertile (OR=0.75, 95% CI: 0.59-0.97). Vegetable consumption
was not significantly related to the risk of GERD in crude
or multivariable-adjusted models. In comparison to these
in the first tertile of fruit and vegetable consumption, those
who were in the third tertile had a lower risk for GERD, in
both crude and adjusted models, such that after adjustment
for all confounding factors, participants with the highest
intake of fruits and vegetables had 33% lower risk of GERD.
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Figure 1: The prevalence of gastroesophageal reflux disease across tertiles
of fruit (P = 0.02), vegetable (P = 0.31), fruit and vegetable intake (P = 0.003).
Asterisks show significant differences

Stratified analysis by gender showed that there was no
significant relation between fruit, vegetable, fruit and
vegetable intake, and GERD in men. Women who were in
the third tertile of fruit consumption had 32% lower risk for
GERD, in comparison to women in the first tertile, in crude
model (OR =0.68, 95% CI: 0.54-0.87). After adjustment for
gender, age, energy intake, smoking, self-reported diabetes,
and physical activity, this relation remained statistically
significant (OR = 0.66, 95% CI: 0.49-0.89). After adjustment
for dietary habits, dietary intake, and BMI, the significant
relation between fruit consumption and GERD in women
disappeared. The risk of GERD did not statistically differ in
tertiles of vegetable intake in both men and women.

There were no significant relations between fruit and
vegetable intake and GERD in men. However, in women,
those who were in the third tertile of fruit and vegetable
consumption had lower risk for GERD, in comparison to
the first tertile, in both crude and adjusted models, such that
after adjustment for all confounders, participants with the
highest consumption of fruits and vegetables had 36% lower
risk for GERD (OR = 0.64, 95% CI: 0.45-0.91).

Stratified analysis by BMI showed that fruit, vegetable, fruit
and vegetable intake was not related to the risk of GERD in
normal-weight participants (BMI <25 kg/m?). Overweight
or obese participants (BMI >25 kg/m?) in the last tertile
of fruit consumption had 32% lower risk for GERD, in

| 2017 |



Keshteli, et al.: Fruits, vegetables, and gastroesophageal reflux

ouBLEA JO SIsAleuy = YAONY J0.I8 pIEPUE)S = IS "UOSUedWo0 10} pasn SeM YAONY. :JSFSUBSW SJE SAN[EA ||e

L00°0> VO'LI+GE'G6Y  LL/F08'VSE  ¥/£'9%087/9C 100°0> CCLLFCC6lG Le/FGeve  GE'9+6G°9GC 100°0> V9'0LF0G'8GY  96/F¥E0V9E  GLU/F/LE'G6C (shep/8) 1onpoud Aireq
L00°0>  9G'C+/¥/8 8C1+Y€C9 Gl'LF¢C’GY  100°0>  29°¢+01'96 SLLF72°09 ¢8°0+6€'8€  100°0> OV ¢+€C/L 0G'I+18'19 0t'1¥66°'2G  (shep/8) sawn3a| pue siNN
L00°0> €079¥08'7/E LEC¥IV'8CC  08°1¥9G°GEL  100°0> VvEGHB8VIY  8L0+7SGlC LELFGY'80L  100°0>  £0°9+¥G'I2E  0G'€+6¥'8EC  GL'EFG/L'8/I (shep/38) sajqeradon
L00°0>  ¥/£/F06°CVS 8V ¢revive LL71%8€°€6  100°0> 6¢'8¥98'G0Y  G8'GFEG'C8C  6C°'GFLEG6L  100°0> 8L/+EY'G9G  GEIFGC0VC 9C1*16LL (shep/8) wnud
L00°0>  86°0+0C'LI 8€°0+E€Y ¢e'0+¢e's  100°0> L¥06°2t 7€°0+€9°9 9C°0FELY €000 26°0+2S°6 9'0+/8L 6€°0F9Y°9 (shep/3) 1eaw passad0id
L00°0> ¥8'¢+66°80} 6V'1¥10°6£ £L0'1¥09'¥G  100'0> 88'CFLL8LL L21%99°9L ¢6'0¥GCLy  100°0>  0L'C+LL'G6 29170618 6¥'1¥96'%9 (shep/8) 1eaw pay
L00°0> 67 ¢*19°GEL LCLF11°86 LO'LF6LLL 100°0>  67'C+56°CYL ¢O'L+01'26 €8°0+/87/9 100°0> <¢v'¢+98¢el CrLFrELOL LE1+69°08 (skep/8) sugi04d
L00°0> 88°9¥99'8GY L6'€FCCCCE  [B'EF9E0EC 100°0> 8O0/+E8YSGY  €0V+/E/CE  V¥¥'E€¥G0°64C 000> P¥8'9F6L'EEY vV V+EL'BCE  LCVFIB'6VC (shep/3) sareiphyoqie)
L00°0> £6'¢¥G6°6¥L  vO6VFLY 601  60°1+95°08 LOO'0> £L6°CFEC'6SL  60°1+/8°901 €6'0¥¢8'€L 100°0> 68°¢+8/'GEL  €9'1¥EBELL 8€1+L2°06 (shep/3) syed
L00°0> 09°09+/€°099€ €8°6Z+9¥'€€9C V¢ LZ+eL /L6l L00°0> 8O'L9+YC 9948 /V'/2+2C'G29C vy €C+60°028l 000> 99°69+SY'I8EE 6¥'GEFL'604C 9C7CEF06°6L1L (shep/|eoy) AS1eu3
€ 4 3 € 4 3 € 4 3
ad Co_ﬁnEJw:OO 0_36ﬂ0m0> pue 1injj} Jo sajila ] ad COEQE:WCOO w_nmwwm®> JO s9Ia L ad CO_wQEJwCOO HnJj Jo sojia L

<OMEUI 3|qelaban pue Hnij Jo sajiua) ssoloe sjuedionied Apnys ul ayelul poo :Z ajgel

soueLeA JO sishleuy = YAONY ‘UOIBIASD pIepuUB)S = S “8am/saw} G> Isepiealq Buljes aiem Oym S[enpiAIpul Se pauliads, ‘S8|qereA [eoLobajes oy js8) aienbs-Iy) pue se|qelieA SNoNURU0d 10y YAONY. -PeIBOIPUI SSBjUN ‘(SFSUBSW SI. SBN[BA ||Ve

100°0> 9'8lL 6'le 9'6¢e 100°0> 6l gle 9'6¢ 100°0> '8l yAYA 6°'G¢C (%) -s10ddpis sepieaig
Y80 991 6°Gl g9l /800 28l A Gl €250 291 9°GlL fAl (1eam/ < %) @xemul pooy pauy Ajpusnbaig
1610 L0 €l ¥l 1610 1 9l 80 ¥2I'0 L0 Al Gl (49noN %) Awsen3al jeapy

yAYA YA YA A4 S'le L've '€C et 8¢¢ 8'¢e skem|y

1€ l'oe €8¢ 9'le goe €/¢ €0¢ 9'0¢ 98¢ Uslo

6'8¢€ 6°6¢ A4 8'8¢ 9°6¢ LTy €6 Loy L'y sawswos

/80°0 '8 €9 9 Ge0°0 1’8 6'G L9 €¥¢0 2’8 q9 9 J9A3N
(%) uondwnsuod pinj} jeaweiy]
1000 L€l 8¢l 291 €000 6°¢l el €91 1000 eel el 6°Gl (epm %) Aousioiyns umayn
8¥¥°0 g9l 991 6l 100°0> Z20¢ LY Lel 19%°0 [ae] 6°Gl yAp (1eam/y 1< %) annoe Ajjeaishyd
9¥€0 ¢ At 8l ero A gl Sl 6G6°0 L) 6l 8l (%) se18qeIq
9€G6°0 el L€l Sl €00 9°Gl LCL 8¢l Glo°0 gzl 8¢l 8'GlL (%) Jex0Ws u8LNY
100°0> £'88 /8 €8 Glo'0 918 €88 978 100°0> 6°68 88 G'z8 (ewoydip o3 [enba Jo ueyy Jsjeaisd ) uoieonpl
¢e0 7°08 '8 118 916°0 8’l8 S8 G'08 £60°0 9°6L 8'¢8 7’18 (%) parLey
100°0> 185 6°GS 108 100 1'2S 1'GG 86 100°0> 79 L'y A’ (%) @rewsa
G/2°0 OFv¥l0'GC 80'V+e6'¥C 6L'GFLC’GC  PIZ°0 0GV+EZ'SC 08'V+66'VC vyv+e6ve 861'0 9ev¥e6'vC CL'v¥86'vC 1T°S+VC'SC (;w/3x) xapur ssew Apog
9€€'0 CCEL+E€9'89 C67CLF¥G6'89 09°€LFOV69 00  EVELFVL 69 LIELF6069 LL'ELF6L'89 1000  €ELFL6ZL9  COELFA°69 L9°ELF06'69 (3) SIem
6L1'0  9C°'8+¢/9€ 8L'8+GG9€  9/+90°9€  100'0> G¥'8FIZ/LE 108+¥8Y9E GG/FE9'GE 89°0 9I'8FBE9E  66LFL99E  96/LFVE9E (s1edA) 83y

€ [4 L € 4 I € [4 L
uondwnsuod
ad a|qeiaban pue Jnuy Jo SIS od uondwnsuoo ajgejaban Jo sajiua] od uondwnsuod }inJj Jo sajual

<9)elul 9|qeiaban pue unu} Jo sajiud] ssosde sjuedionied Apnis Jo solsLI9)oRIRYD [RISUDY) [ | d|qel

Journal of Research in Medical Sciences

| 2017 |



Table 3: Multivariable-adjusted odds ratio for gastroesophageal reflux disease across tertiles of fruit and vegetable intake®

P trend® Tertiles of vegetable consumption P trend® Tertiles of fruit and vegetable P trend®

Tertiles of fruit consumption

consumption

GERD

Keshteli, et al.: Fruits, vegetables, and gastroesophageal reflux

0.001
0.01
0.005

0.003

0.51-0.87

0.67
0.71
0.69

0.64-1.01

0.77
0.82
0.81

- = - -

- = = = =

T N L

— o = = — —

0.008
0.002

0.78 (0.65-0.93)
0.72 (0.59-0.89)
0.71 (0.56-0.89)
0.79 (0.61-1.01)

0.003
0.066
0.05

0.77 (0.60-0.99)
0.75 (0.59-0.97)

0.031

— o o =

—_ = = — — —

Crude

Mode

; Model Il = Further adjustment for smoking, self-reported diabetes, and physical activity;

Adjusted for age, gender, and energy intake

2GERD was defined as the presence of heartburn sometimes or more during the 3 months. Model |

Further adjustment for dietary intakes (fat intake, dairy, nuts and

Model Il = Further adjustment for eating rate, chewing quality, frequency of breakfast, meal regularity, intrameal fluid intake, and frequency of fried food; Model IV

Gastroesophageal reflux disease

Further adjustment for BMI; ®*Obtained by the use of categories of fried food intake as an ordinal variable in the model. GERD

legumes, tea, carbonated drinks, and processed meat); Model V

comparison to the first category in crude model (OR = 0.68,
95% CI: 0.54-0.87) and adjustment model (OR = 0.58, 95%
CI: 0.42-0.83). Participants with BMI higher than 25 kg/m?
and higher intake of fruits and vegetables had 53% lower
risk for GERD after adjustment for all confounding
variables (OR =0.47, 95% CI: 0.32-0.69), compared to those
in the reference category.

DISCUSSION

Our study provides some novel insights into the involvement
of fruit and vegetable consumption in GERD symptoms in
Iranian adults. We found a significant protective association
between fruit consumption and risk of GERD. In addition,
participants with the highest intake of fruits and vegetables
had a lower risk of GERD. Stratified analysis by sex and
weight status revealed that more intakes of fruits and
vegetables in women as well as in overweight or obese
participants were associated to lower risk of GERD.
These favorable associations were independent of several
lifestyle-related variables.

Given the high prevalence of GERD in Iran and its adverse
effects on patients’ quality of life, it is highly important
to identify the factors that help to prevent this disorder.
This study provides evidence that fruit and vegetable
consumption as a lifestyle-related and modifiable
factor might decrease the risk of GERD. It might reduce
proton-pump inhibitor consumption in GERD patients.

Although a few studies have confirmed the association
between fruit and vegetable intake with GERD symptoms,
the results have remained inconsistent. We observed no
significant association between vegetable intake and GERD;
this nonsignificant association might be the result of the
limited range of vegetable intake in our study population;
participants in the top and first tertile of vegetable intake
consumed 321.54 and 178.75 g vegetable/d, respectively. In
epidemiological studies, a wide range of intakes is more
likely to provide significant relations. Nocon et al. conducted
a cross-sectional study on a representative sample of
7124 adult German population. They documented that
the frequent consumption of fruits may have a protective
effect on symptoms while vegetable consumption had
no significant association.!"? El-Serag et al. performed
a study on 915 participants in the USA and found an
inverse association between fiber intake and the risk of
GERD symptoms in fully adjusted models while they
found no significant independent associations between
fruit and vegetable consumption and GERD symptoms.P!
In a case—control study among 3153 individuals, Nilsson
et al. have documented that consuming bread with high
dietary fiber content was related to reduce the risk of
reflux.”? Mostaghni et al. have conducted a cross-sectional
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study in Iranian population to detect the risk factors of
GERD. In contrast to our findings, they have found a
higher prevalence of reflux symptoms in those who more
frequently consumed fruits and vegetables." However,
Saberi-Firoozi et al. reported protective effects of fruit
and vegetable intake on reflux symptoms in Shiraz, a city
in Southern Iran.' Kumar et al. have also showed that
low consumption of fresh fruits was a significant risk
factor for the development of GERD, but fresh vegetable
consumption was not a protective factor."! A prospective
study shows that green vegetables were protective for
gastroesophageal reflux symptoms during pregnancy.['®!
The Mediterranean diet that characterized by a high intake
of vegetables, legumes, fruits, and whole grains was also
healthful and provides protective effects in the occurrence
of GERD.™ Different findings in the previous investigations
could be due to variations in studied populations, study
designs, using different tools to assess dietary intakes, and
considering various confounders in the studies. Further
studies, particularly with prospective design, are required to
shed alight on the relationship between fruit and vegetable
intake and GERD symptoms.

A few physiological mechanisms have explained the probable
correlation between fruit and vegetable consumption with
GERD symptom reduction. In the acidic environment of the
stomach, large amounts of nitric oxide are nonenzymatically
produced from nitrites in the diet. Nitric oxide has a potent
relaxing effect on the LES and may promote reflux. Dietary
fibers are well known to scavenge nitrites in the stomach,
thereby decreasing the availability of the substrate for
nonenzymatic nitric oxide synthesis.”! Furthermore, fruits
and vegetables are the source of Vitamins A and C, which
prevent the development of the GERD.?!!

Our study has some strength. First, it consisted of a large
number of participants. Second, we took into consideration
various confounding factors, including lifestyle factors.
However, some limitations should be discussed. We cannot
prove any cause-and-effect relationships because of the
cross-sectional design of our study. Using self-administered
questionnaires is another limitation of this study. The study
population consisted of medical university nonacademic
staffs, including crews, employees, and managers. Despite
the wide range of socioeconomic status covered by the
study population, extrapolating our findings to other
populations might be done cautiously. Finally, there may
be other confounding factors besides those evaluated in
the present study.

CONCLUSION

The present study confirmed inverse associations between
fruit intake as well as fruit and vegetable intake and
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risk of GERD among Iranian adults. Increasing fruit and
vegetable intake may, therefore, be an important strategy
in prevention and management of GERD in clinical settings.
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