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Are There Changes in Gastric Emptying during the Menstrual Cycle?
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Background: The questions of whether gastric emptying of solids and liquids differs in men and women
and whether emptying is influenced by the action of sex hormones on gastric smooth muscle remain
unresolvedMethods: We analysed the gastric emptying of digestible solids (GES), liquids (GEL), and
radiopaque indigestible solids (GER) in three groups of healthy volunteers: 50 women in the follicular
phase of the menstrual cycle, 50 women in the luteal phase, and 100 ff8hc]flabelled
diethylenetriamine pentaacetic acid (DTPA) was used as the radioactive marker for digestible solids,
and f*in]DTPA was used as the marker for liquids, to time gastric motility after a solid and a liquid meal.
GER was evaluated on a different day in abdominal roentgenogRessilts: GES and GEL were slower

in women than in menR < 0.05), but GER was similar in the two sexes. However, there were no
significant differences in GES, GEL, or GER between women in the follicular and those in the luteal phase,
between plasma concentrations of oestradiol and progesterone and the variables used to characterize
gastric emptying.Conclusions: Evidence of postprandial ‘physiologic gastroparesis’ was found in
women, although no differences were found between men and women in gastric motility during fasting.
The rate of emptying was not related to changes in plasma concentrations of sex hormones during the
menstrual cycle.
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astroparesis is frequent in women (1), many of whorbecause of differences in the design and methods used to
report dyspeptic symptoms during different phaseseasure gastric emptying, and because the phase of the
of their menstrual cycle (2). These symptoms magnenstrual cycle was not taken into account in many studies.
reflect alterations in gastrointestinal motility related td’he present study was designed to investigate gastric
hormonal changes during the menstrual cycle (3, 4). In vitemptying of digestible (GES) and indigestible solids (GER),
studies have found that progesterone, alone or associated witidl liquids (GEL) in premenopausal women, and to compare
oestrogen, can affect the electric and motor activity dhe findings with those in age-matched men. In addition, we
gastrointestinal smooth muscle, decreasing contractile actsearched for differences in gastric emptying in the follicular
ity in the oesophagus, stomach, colon, and gallbladder (5—-@hd luteal phases of the menstrual cycle and attempted to relate
Studies done in vivo have found that female sex hormoneariables that define gastric emptying with changes in plasma
decrease the activity of the lower oesophageal sphincter &)ncentrations of oestradiol (oestrogen) and progesterone.
and motor activity of the small intestine (9). In women
hormonal changgs during the menstrual cycle, pregnancy, aé]lgbjects and Methods
oral contraceptive treatment have been associated with
alterations in contractility in the oesophagus and loweBubjects
oesophageal sphincter (10, 11), in gastrointestinal transitWe studied 200 volunteers free of digestive symptoms or
(12, 13), and in gallbladder motility (14). systemic disease (Table 1)—100 premenopausal women (50
However, it is debated whether gastric emptying differs im the follicular phase and 50 in the luteal phase of the
men and women, and whether such differences are relatednienstrual cycle) and 100 men, matched for age. None of the
sex hormones (4, 15-26). It is difficult to draw conclusionparticipants had antecedents of gastric surgery, alcohol intake
from the few studies that have tried to analyse these issuef,more than 40 g/day, or drug treatment (including oral
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Tablel. Clinical datafor womenandmen

Women Men
n 100 100
Age (years) 31.6+6.8 32.2+9.6
Body weight (kg) 53.2+ 6.4 73.6+5.5
Body massindex 215+1.38 235+14
(kg/m?)
Percentaggatients 57.0 61.0

H. pylori-positive

Resultsexpressedsmeant standarddeviation.

contraceptives)during the 2 weeks before the study or
smokedduring the 2 days before the study. In addition,
systemic,endocrine,and connectivetissue-relateddiseases
wereruled out with appropriatehaematologi@andbiochemi-
cal analysesAll subjectshada body massindex within 20—
25 kg/n. All womenhada negativepregnancytestandhada
regularmenstruakycle for atlast6 monthsbeforethe study.
Duration of the cycle was 28 + 4 days, and there were no
majorsymptomsduringthemenstruatycle.All subjectggave
their written consentto participatein the study, which was
approvedy the Clinical AssaysCommitteeof the University
Hospital of Granadaand carriedout in accordancewith the
Declarationof Helsinki.

Methods

All the womenhad normal ovulatory menstruakycles,as
evidencedby a significant increase (P < 0.01) in serum
progesterondevels during the luteal phaseand the onsetof
menstruableedingat the appropriateime. Thewomenwere
divided into two groups(follicular andluteal phasespn the
basisof plasmaconcentrationsf oestradioendprogesterone.
Day 1 of the cycle was definedas the 1st day of menstrual
flow (follicular phase days7-10;luteal phasedays18-21).
Venousblood was obtainedat 0830h from the womento
determineoestradioland progesterondevels. Each sample
wascentrifugedat 2500rpm for 10 min, andthe plasmawas
frozenat —80°C andstoredimmediatelyfor later assay All
samplesvereassayedn duplicateby immunoassaynethods
(ElecsysOestradioland ProgesteronémmunoassayBoeh-
ringer MannheimCo., Indianapolis,Ind., USA). All samples
for agivensteroidwererunin asingleassayThe presencef
antibody-IgGfor Helicobacterpylori infectionin the gastric
mucosawas investigatedin all subjects(Helico-G, Porton,
Cambridge UK). Two testsof gastricemptyingweredoneas
describedbelow.

Test 1. Gastric emptyingof digestible solids (GES) and
liquids (GEL). In accordancewith a previously described
procedure(27), at 0900h, after an overnightfast of at least
8 h, all participantsconsumedwo scrambledzggscookedto
afirm consistencyin ateflon pan;eachservingwaslabelled
by injecting 22.3 MBq °°™Tc-labelled diethylenetriamine
pentaacetiacid (DTPA). Immediatelythereaftereachsub-
jectdrank60ml of orangeuice labelledwith 3.7MBq **in-
DTPA. The total number of radioisotopecounts in the
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abdominalcavity wasrecorded;this value was 100% of the
food retainedin the stomachat time = 0. The solid testmeal
contained9.1g protein, 4.6g carbohydratesand 26.3g fat,
equivalentto a 260-kCalmeal. Radioactivityemittedby the
radioisotopes was measured with an Acticamera-CGR
gammacameraconnectedo an Imag-7300-CGRcomputer.
Acquisitiontime was60 secat 0, 5, 15, 45, 75, and 105min
after ingestion of the test meal, in a 128 x 128-pixel
resolutionmatrix. The pulse height analyserwas set at the
140-keV photopeakwith a 10% window for °°™Tc, and at
247-keV with a 10% window for **in. The countswere
measuredvith the subjectin the supine(anteriorprojection)
andprono (posteriorprojection)decubitusposition, to avoid
attenuationerror. The imagesstoredin the computerwere
observedandtheareaof interest,comprisingthe gastricarea,
was outlined with the digitalizing system’s pencil to
determinethe numberof countsin this area.The geometric
mean of the values obtained in anterior and posterior
projectionswas usedas the countvalue. The proportion of
theisotoperemainingin thestomachwasplottedagainstime
aspreviouslydescribed28). Becausdhe scanningintervals
weresolong, the fractional solid mealretentionvalueswere
analysed by using the function y(t)=1— (1—e <)%, A
power exponentialcurve was computer-fittedto the propor-
tional gastric emptying data to obtain two representative
indices,~x and 3, andthe T.,. In this equationthe y(t) factor
wasthe fractionalmealretentionat time t, x wasthe gastric
emptyingratein min—*, t wasthe time interval in minutes,
and 8 was the y-intercept extrapolatedfrom the terminal
portion of the curve. The unknown factors « and § were
determinedvith a non-lineareast-squaralgorithmusingthe
measuredractional meal retention,(t), versustime data(t).
Theinitial delay portion of the curvewascharacterizedy a
lag phaseindex, Tiag, Which wasnumericallyequalto In f/x,
andwasthetime in minuteswhenthe secondderivateof the
function becameequalto zero.The x index wasan estimate
of the rate of emptying or the later rapid phaseof the
emptyingcurve;the  index wasan estimateof the shapeof
the curveor the earlierand more gradualphaseof emptying.
The measuresisedto analysethe liquid componenivere Ty,
and the amountof tracerremaining10min after the liquid
meal was swallowed. Between acquisitions the subjects
remainedseatedbut were allowed to move about over a
distanceof approximately5 m.

Test2. Gastric emptyingof indigestiblesolids (IDS). IDS
were preparedin accordancewith the method previously
described(27), from 16 F polyvinyl nasogastridubing cut
into 1-cmpieceghatweighedapproximatelyd0 mgeach.The
pieceswerefilled with powderedbariumsulphateandsealed,
andeachpiecewasplacedin agelatincapsuleof thetypeused
for pharmaceuticapreparationsThe total volume of radio-
paquelDS releasedn the stomachafterthe capsuledissolved
wasapproximatelyl25mm?.

At least48h afterthe digestiblesolidsandliquids test,all
participantsswallowed10 IDS capsuleswith a smallamount
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Tablell. Analysisof thegastricemptyingcurveof digestiblesolids(accordingto thefunction:y(t) = 1 — (1 — e *Y#) andliquids, andgastric

emptyingof indigestiblesolids

Women
Hormonalmenstruakycle
Follicular Luteal Overall Men P
n 50 50 100 100
Estradiol(pg/ml) 84+12.1 97+11.7 - - NS
Progesteronéng/ml) 1.2+ 0.5 19+5.2 - - <0.01
Solids
Emptyingrate (x) —0.019+ 0.001 —0.060+ 0.008 —0.039+0.006 —0.013+ 0.003 NS
1.24+0.17 1.33+0.29 1.28+0.22 1.23+0.30 NS
Tiag (mMin) 15.7+2.8 17.8+5.1 16.8+ 4.1 11.3+3.3 *
Ty, (mMin) 60.3+ 8.6 63.5+9.8 61.9+ 8.9 51.7+6.4 *
Percentagésotoperemainingat 60 min 50.1+ 6.9 52.2+7.6 51.0+9.1 477+ 7.3 *
Percentagésotoperemainingat 105min (%Tc¢;05) 26.2+7.3 28.5+11.6 27.3+9.7 20.2+8.1 *
Percentagésotoperemaninigat 120 min 16.44+6.9 19.2+9.8 17.8+10.2 11.2+9.9 *
n of IDS remainingat4 h 0 0 0 0 —
Liquids
Ty, (mMin) 23.2+7.2 24.6+ 8.3 23.9+7.9 18.4+6.2 *
Percentagésotoperemainingat 10 min (%lnyo) 71.4+9.8 73.5+8.9 72.5+9.2 66.3+8.1 *

Resultsexpresse@smeant standarddeviation.

* = P < 0.05menversuswomen,menversuswomenin the follicular phaseandmenversuswomenin the luteal phase.

of water after an overnight fast of at least 8h. Supine
abdominakadiographsveretaken4 h later.IDS remainingin
the stomach were counted successfullyin 96% of the
radiographs;when there was doubt, a lateral radiographic
image(12% of the studies)wasusedto confirmthe presence
andlocationof IDS. In 4% of the examinationghe location
of theIDS in thedistal stomachor proximalduodenuntould
not be unequivocallydetermined;in thesecasesan intra-
gastric position was arbitrarily assumedFor all radiologic
studiesthe genital region was shieldedwith lead. The total
radiation receivedin each study was approximately 0.40
mGy.

All datashoweda normalStudent’st test(for comparisons
of two samples)All statisticaltestsweretwo-tailedandwere
evaluatedat the 5% level of significance.All resultswere
expresse@smeanst standardleviations.

Results

Anti-lgG antibody to H. pylori was found in 57% of all
womenand 61% of all men;therewas no differencein the
proportionof womenin eachphaseof the menstrualcycle
who were positive.

Table 1l showsthe characteristicsof GES in all three
groups.The valuesfor T, Ts. and percentagelc;os were
significantly higher (P < 0.05) in women than in men,
althoughx and g weresimilar in both sexesHowever,there
were no differencesbetweenthe two subgroupsof women
for any of the five variablesfor GES (P = NS). The values
for gastricemptyingof both solidsand liquids tendedto be
lower in the follicular phasethan in the luteal phase(P =
NS).

The valuesfor GEL, T, and percentagdn,o (Table II)
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were significantly lower (P < 0.05) in menthanin women,
but there were no significant differencesin these values
betweenthe two subgroupof women.

Fourhoursafter 10 IDS wereswallowed no capsulesvere
seenin the stomachin any of the subjects.

We foundno correlationbetweerplasmaconcentrationsf
oestradiolor progesteron@andany of the variablesof gastric
emptyingof solidsor liquids.

Discussion

Contradictoryresultshavebeenpublishedwith regardto sex
differencesn GESandGEL. Severaktudiedoundlittle or no

difference betweenmen and women (4, 20,22, 25,29-33),
whereasothers noted that digestible solids (17,19,20,24—

26,33-36) and liquids (17,20,21,36) were emptied more

slowly in womenthan in men. The discrepanciebetween
studiesareprobablydueto differencesn thestudymethods—
for example differencesn the caloricvalueof thetestmeals,
the positioning of the subjectin the gammacamera,the

percentageof obesesubjects,and the number of subjects
studiedandtheir age.

The presentstudy was basedon the most widely and
recognizedmethods(17,20,24,26,28), and we excluded
overweightsubjectsandmatchednenandwomenfor age,as
these two characteristicscan influence gastric emptying
(22,29,37). Moreover, our subjectsdrank less than 40g
alcoholdaily andhadabstainedrom drinking for atleast12h
beforethe study.Undertheseconditionsthereis no evidence
that alcohol consumptioninterfered with gastric emptying
(38). We found that three of the five variablesusedhereto
define GES and all variablesthat define GEL yielded sig-
nificantly highervaluesin womenthanin men.Our findings



concurwith earlierreports(17,20,24-26,33,36) donewith
methodssimilar to thosewe used.

The possiblesubstratefor this ‘physiologic gastroparesis’
in womenis poorly understoodSomestudiesclaimedthatthe
absenceof H. pylori infection in women is related to
gastroparesig39), althoughother researchersio not share
thisview (40,41). Thisinfectionhadsimilar prevalencen the
womenandmenwe studiedandthusdoesnotappeato bethe
causeof gastroparesign our sampleof Spanishwomen.A
possibleexplanationis that sexhormonesnay inhibit gastric
motility, asexperimentaktudieshaveshownthat progester-
one inhibits the smooth gastrointestinaimuscle (5-8) and
haveidentified oestrogerand progesteroneeceptorsin the
baboonstomach(42). However,the few studiesthat were
designedto determinewhetherfemale sex hormonesinflu-
encegastric motor activity, GES, and GEL have produced
contradictoryfindings. Somehavefound that GES (18) and
GEL (21) were slower in the luteal phaseof the menstrual
cycle,whereathershavefoundsloweremptyingduringthe
follicular phase (20,26), and still others reported no
difference betweenthe two phases(4,23). In the present
studywe found no differencesn the ratesof GESor GEL in
thelutealandfollicular phasesTo avoida possiblesourceof
bias that earlier studies failed to take into account
(20,21,23,26), we identified womenin eachphaseon the
basis of hormonelevels in plasmaand thus obviated the
influenceof anovulatorycycleson thesevalues.

Gastrointestinatransitis reportedlyprolongedduring the
luteal phaseand pregnancy12, 13); however thesefindings
may reflectthatfact thatthe smallintestineis moresensitive
thanthe stomachto sexhormonesThis would explainwhy
somestudieshavefound normalgastricemptyingduring the
luteal phase(4,23). Gastroparesisn women may also be
relatedto antral, pyloric, andduodenaldysmotility, although
this link hasto datenot beenestablishedinequivocally(26).
Somestudieshavefound that of the variablesusedto define
GES,only lag phasg(T,g) wasnormalin women(25, 26, 35).
The patternof normallag phasewith delayedpostlagphase
may reflect antral, pyloric, and duodenaldysfunction (43)
ratherthana disorderlocatedin the proximal stomach.This
suspicionis supportedby the finding of diminished antral
contractility in women when comparedwith men (26);
however,findings of delayedGEL, asin the presentstudy
andearlierreports(17,20,21,36), speakagainsthis hypoth-
esis.Parkmaret al. (44) foundthatthe postprandiaincrease
in an electrogastrographiwariable—dominantslow-wave
frequency—wassmaller in women than in men and was
smaller during the luteal phasethan during the follicular
phase. According to these authors, this alteration may
representthe substratefor reducedantral contractility in
women(26), althoughotherstudieshavefailed to document
sex differencesin antral motility (20,34). The finding that
plasmaconcentrationsof motilin are reducedduring preg-
nancy(45) suggestshatsexhormonesnayinteractwith other
hormoneghat stimulategastrointestinamotility.
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Indigestible solids leave the stomach during the late
postprandiabhase as a result of the potentphase-Ilimotor
activity of the myoelectricmotor complex (27). We found
only oneearlierstudythatcomparedyastricemptyingof IDS
in women and men: Madsen (22) studied premenopausal
womenin the follicular phaseand postmenopausakomen
and reported that gastric emptying of IDS (and small-
intestinaland colonic transit) in both groupswas similar to
thatin men.Thesefindingsarein agreementvith our results
and suggestthat there are no differencesbetweenmen and
women in fasting antral motility. More sensitive methods
suchas manometryand electrogastrographgnay be ableto
detect sex differencesin fasting motility; nonethelessthe
existenceof suchdifferencesdoesnot necessarilymply that
they areof clinical significance.

The resultsof the presentstudy suggesthat disordersin
gastric emptying are not responsiblefor the dyspeptic
symptomssome women report during the menstrualcycle
(2). Nonethelesssex hormonescan produce dysrhythmia
(46), which canleadin turn to dyspepticsymptomg47). We
recommendhatmemberf controlgroupsusedin studiesof
gastric emptying be matchedfor sex with membersof the
studygroups.In contrastjt doesnot appeamecessaryo take
the phaseof the menstrualcycle into accountin studiesof
disordersseenpredominantlyin premenopausalomen,such
asanorexianervosabulimianervosagr functionaldyspepsia.
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