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SUMMARY
Background
Irritable bowel syndrome patients with diarrhoea (IBS-D) often report intolerance to milk; however, the mechanism underlying these symptoms is
unknown.
Aim
To assess the role of psychological factors, immune activation and visceral
sensitivity on the development of lactose intolerance (LI) in IBS-D patients.
Methods
Fifty-ﬁve IBS-D patients and 18 healthy controls (HCs) with lactase deﬁciency underwent a 20-g lactose hydrogen breath test (LHBT). Patients
were categorised as lactose malabsorption (LM; malabsorption only) or LI
[malabsorption plus increase in total symptom score (TSS). Measurements
included (i) psychological status; (ii) enteric biopsies with quantiﬁcation of
mast cells (MCs), T-lymphocytes and enterochromafﬁn cells; (iii) serum
cytokines; (iv) rectal sensitivity before and after lactose ingestion.
Results
LI was more prevalent in IBS-D patients than HCs [25/55 (46%) vs. 3/18
(17%), P = 0.029]. IBS-D patients with LI had (i) higher levels of anxiety
than those with LM (P = 0.017) or HCs (P = 0.006); (ii) increased mucosal
MCs compared with LM (P = 0.006) and HCs (P < 0.001); (iii) raised serum
TNF-a compared with LM (P = 0.034) and HCs (P < 0.001) and (iv)
increased rectal sensitivity after lactose ingestion compared with LM
(P < 0.001) or HCs (P < 0.001). Severity of abdominal symptoms after lactose ingestion was associated with the increase in visceral sensitivity after
lactose intake (r = 0.629, P < 0.001), MCs (r = 0.650, P < 0.001) and anxiety (r = 0.519, P < 0.001).
Conclusions
IBS-D patients with lactose intolerence are characterised by anxiety, mucosal immune activation and increased visceral sensitivity after lactose ingestion. The presence of these biomarkers may indicate an IBS phenotype that
responds to dietary therapy and/or mast cell stabilisers (ClinicalTrials.gov
Identiﬁer: NCT01286597).
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INTRODUCTION
Lactose Intolerance (LI) is characterised by digestive
symptoms, including bloating, abdominal discomfort and
diarrhoea, after ingestion of dairy products. In people
with lactase deﬁciency, lactose is not digested and
absorbed in the small bowel, but passes into the colon
where bacterial fermentation produces gas and shortchain fatty acids and other products that can cause luminal distension and alter digestive function.1, 2 The risk of
lactose-triggering symptoms in patients with lactase deﬁciency is associated with the dose ingested, whether lactose is taken with other foods, gastrointestinal (GI)
transit time and the intestinal ﬂora.3 The same mechanism is responsible for intolerance to other poorly
absorbed, fermentable carbohydrates (e.g. fructose, fructans) and polyols (e.g. sorbitol) that are ubiquitous in
the diet.4
Patients with irritable bowel syndrome (IBS) are more
likely to report intolerance to dairy products and other
foods than healthy individuals.5 Indeed, the similarity
between IBS and food intolerance symptoms is so striking that it has been proposed that malabsorption of easily fermented carbohydrates (such as lactose in patients
with lactase deﬁciency) is the cause of IBS in many
patients4 and a combined nutrient and lactulose challenge test has been proposed as a diagnostic test in this
condition.6 The mechanism underlying the link between
IBS and food intolerance is uncertain; however, studies
suggest a shared aetiology involving both psychological
(e.g. anxiety) and GI dysfunction (e.g. altered gut transit,
visceral hypersensitivity).7, 8 A large body of work in
animal models and IBS patients has found links between
psychological state and stress with immune activation in
the mucosa and the release of various mediators that
alter GI motor and sensory function.9–12 Moreover,
supernatant obtained from the colonic mucosa and jejunal secretions of IBS patients increases the excitability of
mesenteric sensory nerves and induces visceral hypersensitivity in animal models.13, 14 These ﬁndings suggest
that brain–gut interactions are mediated by immune factors. Consistent with this view, prospective clinical studies have linked psychological state, life event stress and
activation of the immune system to the development of
post-infective IBS.15
We propose that the same ‘neuro-immune’ modulation of visceral function could also be the pathological
mechanism underlying food intolerance. This hypothesis
was tested using a validated, clinical experimental model
of lactose intolerance in a Chinese population with primary lactase deﬁciency.16 Recent studies in this populaAliment Pharmacol Ther 2014; 39: 302-311
ª 2013 John Wiley & Sons Ltd

tion have shown that ingestion of 20 g lactose is three
times more likely to cause digestive symptoms in IBS
patients than in healthy controls16 and that both high
levels of gas production and visceral hypersensitivity
increase the likelihood of patients reporting digestive
symptoms after ingestion of 20 g lactose.17 In this study,
we assess whether central psychological factors and
peripheral immune activation impact visceral sensitivity
after ingestion of lactose in this population and whether
these neuro-immune effects explain the high prevalence
of food intolerance in IBS patients.

METHODS
Subjects
The study was performed in an adult Chinese population with primary lactase deﬁciency on genetic testing
and previous positive 40 g LHBT. Consecutive patients
aged 16–75 years with IBS-D based on the Rome III
criteria were recruited between September, 2010 and
April 2011 from the out-patient clinic at the Sir Run
Run Shaw Hospital in Hangzhou, China (~95% self-referred from community). Healthy controls (HCs) with
no history of GI disease or digestive symptoms were
recruited by advertisement. No participant had undergone abdominal surgery, had active medical disease or
allergic disorders. Subjects taking anti-inﬂammatory
drugs were excluded (e.g. aspirin, steroids and antihistamines).
Study design
As presented in Figure 1, screening, psychosocial status
and digestive symptoms were assessed by validated questionnaires and colonoscopy with two biopsies each from
the sigmoid colon, ascending colon and terminal ileum.
Two weeks after colonoscopy, the 20 g LHBT was performed with barostat measurements of rectal sensitivity
obtained before and after the procedure to assess the
effect of lactose malabsorption and fermentation on rectal sensitivity. Additionally, serum cytokines were measured after the 20 g LHBT.
The 20 g LHBT was performed as part of a larger series of studies in which three doses of lactose (10 g, 20 g,
40 g) were tested.16 Thus, although placebo was not
used, participants and investigators were blinded to the
dose of lactose administered. Similarly, investigators performing measurement of rectal sensitivity and those
measuring mucosal immune cells and serum cytokines
were unaware of clinical data, questionnaires scores and
LHBT results until the end of this study. This study was
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IBS-D Patients and healthy controls

Hospital Anxiety and Depression Scale
Life Events Scale (LES)
Gastrointestinal symptoms questionnaire

Colonoscopy with two mucosal biopsies
Two weeks later
Rectal barostat measurement of rectal
sensitivity 30 min before LHBT
20g lactose HBT
Rectal barostat measurement of rectal
sensitivity 15 min after LHBT
Serum Cytokine measurement 60 min
after LHBT

Figure 1 | Study design.

approved by the ethical committee of Sir Run Run Shaw
Hospital, conducted in accordance with the Declaration
of Helsinki and written informed consent was obtained
from all participants. Registration: ClinicalTrials.gov
Identiﬁer: NCT01286597.

Assessment of psychosocial status and GI symptoms
Psychological state was assessed by Hospital Anxiety and
Depression Score(HADS) and psychosocial stress by The
Life Events Scale (LES) of Miller and Rahe modiﬁed and
validated for use in Chinese populations (Table S1). The
Bowel Disease Questionnaire (BDQ) measured frequency
and severity of digestive symptoms during the previous
3 months.
Lactose hydrogen breath test (LHBT)
The concentration of hydrogen in end-alveolar breath
samples was detected using a Handhold Micro H2
Meter (Micro Medical Ltd, Basingstoke, UK). Breath
hydrogen and symptoms were recorded at 15 min intervals for 3 h after ingestion of 20 g lactose. A positive
result of LHBT was deﬁned by a ≥20 ppm breath H2
increase on at least two consecutive readings. The number and the severity of individual symptoms (nausea,
bloating, abdominal pain, borborygmi and diarrhoea)
during the test were assessed by a Likert scale.16 Total
304

symptom score (TSS) was calculated as the sum of the
highest intensity value for each symptom. Consistent
with recommendations of the National Institutes of
Health,2 lactose intolerance (LI) was diagnosed if an
increase in breath hydrogen during LHBT was accompanied by an increase in symptoms (TSS ≥1) on at least
two consecutive measurements; lactose malabsorption
(LM) was diagnosed if the increase in breath hydrogen
was not accompanied by patient reports of symptoms.16

Histology and immunohistochemistry
Microscopic colitis, eosinophilic inﬁltration and epithelial
abnormalities including microorganisms were excluded
by standard microscopy. For immunohistochemistry,
4-lm sections were incubated in complete medium for
1 h at room temperature with the following monoclonal
antibodies: mast cell tryptase (mast cell marker, Abcam,
Cambridge, MA, USA, 1:100); chromogranin A (enterochromafﬁn cells marker, Abcam, 1:10); and CD4, CD8
(T cell markers, Abcam, 1:50). Quantiﬁcation of mucosal
immune cells was performed at 9400 magniﬁcations,
400 lm 9 400 lm in lamina propria by three experimenters who were unaware of clinical data and LHBT
results.
Rectal barostat
A double-lumen polyvinyl catheter (CTD-Synectics
LTD, Stockholm, Sweden) with an adherent, inﬁnitely
compliant barostat bag (800 mL capacity, 10 cm long,
20 cm maximal diameter), ﬁnely folded, was inserted
into the rectum and secured with the proximal border
5 cm from the anal verge. The bag was unfolded by
200 mL of air for 2 min and then deﬂated. A conditioning ramp distension at 1 mL/s continued to an
intra-bag pressure of 40 mmHg at which point rectal
capacity was recorded.17, 18 The bag was deﬂated and
then measurements of rectal sensations were obtained
during a second distension. Volume thresholds for ﬁrst
sensation, urge to defecate, discomfort/pain were
recorded.17, 18
Serum cytokine
Serum TNF-a, INF-c, IL-4 and IL-10 level were quantiﬁed using enzyme-linked immunosorbent assay kits
(eBioscience, San Diego, CA, USA) according to the
manufacturer’s instructions (Excell bio, Shanghai, China).
Optical density was measured at a wavelength of
450 nm. Density values were correlated linearly with the
concentrations of cytokine standards.
Aliment Pharmacol Ther 2014; 39: 302-311
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Statistical analysis
Continuous, normally distributed data are reported as
mean  s.d. and nonnormally distributed data as median and interquartile range. Comparisons of continuous
data between groups were made by unpaired t-tests.
Comparison of rectal sensation thresholds before and
after LHBT used paired t-tests. Categorical data were calculated as percentage in each group of subjects, and proportional differences between groups were calculated
using v2 analysis. Relationships between pairs of variables were evaluated using the Pearson rank test.
Our aim was to assess whether immune factors are
involved in food intolerance. In particular, mast cells
have been implicated in GI dysfunction in both Western
and Far Eastern populations.19–21 The primary analysis
was a comparison of the number of mast cells in the
enteric mucosa in IBS patients with and without LI after
20 g LHBT. Power calculations based on published studies of mast cells in enteric biopsies from IBS patients
(9.7  2.4/hpf) and HCs (4.5  2.3/hpf)21 indicate that
18 participants are required to identify a 20% difference
in mast cell numbers between groups with 90% power
(P < 0.05).
One-way analysis of variance (ANOVA) and L-S-D’s
testing that provides results corrected for multiple comparisons were used to compare mean values between
IBS-D patients with LI, IBS-D patients with LM, and
HCs. All analyses were conducted using the SPSS version
16.0 statistical package.
RESULTS
Demographic characteristics
Sixty-three IBS-D patients and 20 HCs were recruited.
Three patients with ulcerative colitis at colonoscopy were
excluded and ﬁve patients declined the barostat studies.
Two controls with digestive symptoms were excluded.
Thus, 55 patients and 18 HCs were included in the ﬁnal
analysis (Table 1). No participant had the C/T-13910 or
related single nucleotide polymorphism (SNP) associated
with lactase persistence and all participants had a positive 40 g LHBT documented during a previous study.16
Lactose intake in IBS patients and HCs in this Chinese
population is low (<12 g/day).16
Hydrogen breath test
The number of participants with lactose malabsorption
(>20 ppm rise in breath hydrogen) was similar in IBS-D
patients and HCs [48/55 (87%) vs. 16/18 (89%),
P = 0.856]; however, the proportion with LI was greater
Aliment Pharmacol Ther 2014; 39: 302-311
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Table 1 | Demographic, psychological and social
characteristics of IBS-D patients and Healthy Controls
(HCs) with results of 20 g Lactose Hydrogen Breath
Test. IBS-D patients had higher levels of anxiety and
Life Event Stress than HCs. The patient group also had
increased prevalence of LI and higher total symptom
score after lactose ingestion

Age (years),
mean  s.d.
Gender: male/female
BMI (kg/m2),
mean  s.d.
Married, N (%)
Anxiety
Depression
Life Event Stress
(Inter-Quartile Range)
LI prevalence
(20 g lactose HBT)
Total Symptom Score
(TSS mean  s.d.)

IBS-D
(n = 55)

Healthy
controls
(n = 18)

P

43.4  11.2

43.6  11.4

0.950

39/16
23.5  2.49

12/6
22.7  3.04

0.925
0.291

47(85.5%)
5.19  3.04
4.96  3.28
70.5
(43.5-113.75)
25 (45.5%)

16(88.9%)
3.05  1.55
4.33  1.45
8.0
(0-36.5)
3 (16.7%)

0.713
0.006
0.436
<0.001

5.12  2.96

0.67  1.57

<0.001

0.020

in the IBS than in the HC group [25/55 (46%) vs. 3/18
(16%), P = 0.020] and mean TSS was higher
(5.12  2.96 vs. 0.67  1.57, P < 0.001) (Table 1). Thus,
25 IBS-D patients were categorised as LI and 23 as LM
only. IBS patients with LI and LM on LHBT and also
those participants with negative 20 g LHBT (7 IBS
patients, 2 controls) had similar demographic characteristics, severity of IBS symptoms (Table 2). Per-protocol,
IBS patients with a negative 20 g LHBT were excluded
from the primary analysis; however, the signiﬁcance of
results were unchanged if these individuals were included
in the LM group.

Psychological state (HADS) and Life Event Stress
(LES)
Anxiety (5.19  3.04 vs. 3.05  1.55, P = 0.006) and
LES [70.5 (43.5–113.75) vs. 8.0 (0–36.5), P < 0.001] were
both higher in IBS-D patients than in HCs (Table 1).
Furthermore, anxiety was higher in patients with LI than
in those with LM (5.78  3.27 vs. 3.52  2.23,
P = 0.017) and HCs (3.05  1.55, P = 0.006). Similar
scores for depression were present in all groups
(Table 2).
Rectal sensitivity
There were no differences in volume thresholds for rectal
sensations between groups before lactose intake. After
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Table 2 | Demographic, psychological and psychosocial characteristics of IBS-D patients with lactose intolerance (LI)
and with lactose malabsorption (LM) as assessed by 20 g Lactose Hydrogen Breath Test. IBS-D patients with LI had
higher levels of anxiety than those with LM. The severity of malabsorption (H2 excretion) and GI symptoms were
similar in both IBS groups

Age (years), mean  s.d.
Gender: Male:female
Body mass index (kg/m2), mean  s.d.
Married, N (%)
Severity of GI symptoms†
Frequency of GI symptom†
HADs anxiety
Depression
Life event scale (stress)
Peak H2 value (ppm)
Total H2 excretion (ppm 9 min)‡

IBS-D with LI
(n = 25)

IBS-D with LM
(n = 23)

P

IBS-D without
LI (N = 30)*

P

41.5  11.9
17:8
23.4  2.5
21 (84.0%)
3.8  1.6
4.6  0.9
5.8  3.3
4.9  3.5
105.50 (58–166.5)
54 (37.5–71.5)
2385 (1278–5182)

44.1  9.98
15:8
23.6  2.37
19 (82.6%)
3.5  2.2
4.9  1.1
3.5  2.2
5.8  3.0
60 (15–104)
56 (26.5–70)
3195 (1185–5508)

0.97
0.84
0.42
0.89
0.36
0.25
0.02
0.46
0.20
0.69
0.80

43.4  10.8
18:12
23.6  2.5
24 (80%)
3.6  2.1
4.7  0.9
3.8  2.3
5.0  3.2
65 (40–123)
58 (29.6–75)
3045 (1076–5467)

0.97
0.54
0.78
0.70
0.57
0.46
0.01
0.87
0.36
0.46
0.74

* Includes 7 IBS-D patients with no increase in breath hydrogen on 20 g LHBT.
† During the last 3 months before interview.
‡ Amount of H2 excretion (ppm 9 min): expressed as area under the concentration–time curves (AUC, ppm, 3 h). Data are
expressed as median and 25–75% quartile values.

Change in rectal sensation threshold volume

2
First sensation Constant sensation

Urge to defecate

Discomfort/pain

0

–2

–4

##**
#

–6
##**
Patients with LI
–8

Patients with LM

##**

HVs
–10

Figure 2 | Effect of lactose ingestion on rectal sensation thresholds in study participants. Negative values (reduction
in volume threshold) indicate an increase in visceral sensitivity. The effect of lactose ingestion on sensation threshold
was more pronounced in lactose intolerance (LI) compared with lactose malabsorption (LM) patients and healthy
controls (HCs) for all sensations (comparison with LM: *P < 0.05, **P < 0.01; HCs: #P < 0.05, ##P < 0.01).

LHBT, the threshold of rectal discomfort/pain in IBS-D
patients fell and was lower than HCs (P = 0.002) (Table
S2). Further analysis revealed that this increase in visceral sensitivity was seen in IBS-D patients with LI, but
not in IBS-D patients with LM (Figure 2).
306

Mucosal immune cells
Histology showed no microscopic colitis, eosinophilia or
parasites in any participant. Immunohistochemistry
revealed increased MCs (primary outcome) in the terminal ileum, ascending and sigmoid colon, increased
Aliment Pharmacol Ther 2014; 39: 302-311
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ECCs in terminal ileum and sigmoid colon and
increased CD4+ (not CD8+) T cells in the sigmoid
colon in IBS-D patients compared with HCs (Figure 3).
MC counts in the terminal ileum were higher in IBS
patients with LI compared with patients with LM
[11.25 (9.8–19.5) vs. 7.75 (6.47–11.7, P < 0.05)] and
HCs [7.14 (6.05–9.29), P < 0.05 compared to LI group]
(Table 3).

Serum cytokines
TNF-a release was increased (8.51  2.32 vs.
5.75  2.12 pg/mL, P = 0.001), and IL-10 was decreased
(10.33  4.96 vs. 13.67  5.32 pg/mL, P = 0.034) after
LHBT in IBS-D patients compared with HCs. No differences were observed between these two groups for IL-4
and IFN-c (P > 0.05). Similarly, TNF-a levels were
higher in IBS-D patients with LI compared with those

Sigmoid colon

Figure 3 | Representative
photomicrographs showing
tryptase positive mast cells
(MCs) in the colonic mucosa
of a healthy control (HCs) (a–
c), an IBS-D patient with
lactose malabsorption (LM)
(d–f) and an IBS-D patient
with lactose intolerance (LI)
(g–i). IBS-D patients with LI
had increased mucosal MCs
compared with LM and HCs.

Ascending colon

Terminal ileum

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

Table 3 | Mucosal immune cells in IBS-D patients with lactose intolerance (LI), IBS-D patients with lactose
malabsorption (LM) and Healthy Controls (HCs). IBS-D patients with LI had increased mucosal mast cells (MCs) and
other cells involved in the innate mucosal immune system compared with LM and HCs

MCs sigmoid
MCs ascending
MCs terminal ileum
ECCs sigmoid
ECCs ascending
ECCs terminal ileum
CD8+T sigmoid
CD8+T ascending
CD8+T terminal ileum
CD4+ sigmoid
CD4+ ascending colon
CD4+ terminal ileum

IBS-D patients
with LI (n = 25)

IBS-D patients
with LM (n = 23)§

HCs (n = 18)

9.4 (7.3–10.8)†
10.2(7.7–15.2)†
11.2 (9.8–19.5)**,‡
6.7 (4.2–9.6)‡
3.6 (2.6–6.5)
5.3 (4.3–8.9)‡
38.5  10.9
46.1  11.3
70.1  12.3†
58.5  9.9‡
68.5  9.90
88.5  10.9

7.3 (6.2–9.3)
7.0 (6.2–9.7)
7.8 (6.4–11.7)
4.8 (3.2–6.3)‡
4.4 (3.4–5.7)
4.5(3.0–7.0)‡
32.1  13.9
49.1  11.3
55.1  12.3
40.8  5.4
55.8  17.5
75.8  18.5

6.6 (6.0–7.4)
7.0 (6.3–8.0)
7.1 (6.0–9.2)
2.8 (1.8–3.6)
3.5 (2.3–4.6)
3.5 (2.6–3.8)
32.6  17.6
43.9  15.8
44.9  12.8
35.6  12.4
55.6  15.4
65.8  16.3

Compared with patients with LM *P < 0.05, **P < 0.01; compared to HCs †P < 0.05, ‡P < 0.01.
§ Excludes 7 IBS-D patients with no increase in breath hydrogen on 20 g LHBT. Inclusion of these patients in this group did not
alter results.
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with LM (8.98  2.7 vs. 7.0  1.58 pg/mL, P = 0.016)
and HCs (6.21  1.72 pg/mL, P < 0.001 compared to LI
group) (Table S3).

Effects of neuro-immune factors on rectal sensitivity
and lactose tolerance
Anxiety scores were associated with MC count in sigmoid colon (r = 0.451, P < 0.001), ascending colon
(r = 0.351, P = 0.005) and terminal ileum (r = 0.489,
P < 0.001). Applying established criteria, patients with
anxiety (≥8 scores on HADs, N = 11) had higher MC
counts compared with those without anxiety [14 (9–16)
vs. 8(7–9), P < 0.05]. Categorical analysis revealed that
patients with a high mast cell count in the terminal
ileum [>11 (mean), N = 20] had a signiﬁcant increase in
visceral sensitivity (i.e. decrease in urgency, discomfort/
pain threshold) compared with those with less mast cell
[≤11 (mean), N = 30]. Anxiety was associated also with
the increase in rectal sensitivity after lactose ingestion
[ﬁrst sensation (r = 0.246, P = 0.045), urgency
(r = 0.435, P < 0.001), discomfort/pain (r = 0.519,
P < 0.001)] and the severity of abdominal symptoms
(TSS) (r = 0.519, P < 0.001). TSS was also associated
with the increase in rectal sensitivity [ﬁrst sensation
(r = 0.310, P = 0.008), urgency (r = 0.511, P < 0.001),
discomfort/pain (r = 0.594, P < 0.001), MCs in terminal
ileum (r = 0.650, P < 0.001) and serum TNF-a release
(r = 0.291, P = 0.050). (Table S4).
DISCUSSION
Digestive symptoms are often attributed to intolerance of
dairy products and other foods by members of the community and, in particular, by patients with functional
gastrointestinal (GI) diseases such as the irritable bowel
syndrome (IBS)5, 22 However, studies have been confounded by discrepancies between self-reports and objective evidence of food intolerance, and a lack of
standardised tests able to discriminate between health
and disease states2, 23 This study applied a validated,
clinical experimental model of lactose ingestion in IBS
patients with lactase deﬁciency to gain insights into the
pathophysiology of food intolerance. The ﬁndings show
that IBS patients with digestive symptoms after 20 g lactose ingestion are characterised by anxiety, increased
numbers of inﬂammatory cells in the enteric mucosa
and the release of pro-inﬂammatory cytokines. Moreover, in this group of IBS patients, lactose ingestion
induced an increase in visceral sensitivity and the magnitude of this effect was associated with the severity of
LI symptoms. These observations provide compelling
308

evidence of brain–gut interaction and describe a novel
mechanism by which neuro-immune factors interact
with the diet to cause functional GI symptoms.
Anxiety and life event stress are more prevalent in
IBS patients than in healthy controls and have effects
on mucosal immunity, visceral sensitivity and digestive
function in animal models.24 Psychosocial factors are
associated with the persistence of low-grade inﬂammation and GI symptoms in patients who develop IBS-D
after enteric infection.15 In this study, the same ﬁndings were present in IBS-D patients with digestive
symptoms after lactose ingestion, but not in IBS-D
patients who did not report these problems. Compared
with healthy controls and IBS-D patients with lactase
deﬁciency but no symptoms after lactose ingestion,
patients with LI had increased mucosal mast cells
(MC), CD4+ T-lymphocytes and enterochromafﬁn cells
(ECC) with increased release of pro-inﬂammatory cytokines after lactose ingestion. There was also a positive
association between MC count and the severity of LI
symptoms. These results suggest the presence of distinct pathophysiology in IBS-D patients with lactase
deﬁciency who report symptoms after ingestion of a
modest dose of lactose and IBS-D patients who do not
have a clear association between lactose malabsorption
and symptoms.
This study also provides novel insights into the
mechanism by which lactose ingestion leads to digestive
symptoms and how this could be used to direct treatment. Previous in vitro studies have documented MC
degranulation after application of speciﬁc foods or food
antigens on mucosal specimens from patients with food
intolerance.20, 21 This clinical study demonstrates that
in IBS patients with LI, this process can be triggered by
fermentation products of lactose; an event that is
known to release MC proteases and pro-inﬂammatory
cytokines that impact GI motor and sensory function.19, 25 This could be the mechanism by which medications that stabilise the MC membrane improve
functional GI symptoms. Lunardi et al. found that the
symptoms of IBS patients with food intolerance
improved during an eight-week treatment of sodium
cromoglycate, although patients still followed a normal,
non-exclusion diet.26 Similarly, Klooker et al. reported
that Ketotifen decreased discomfort in response to distension in IBS patients with visceral hypersensitivity
and that this effect was associated with improved IBS
symptoms.27
An important feature of our study was that rectal sensitivity was assessed both before and after LHBT. There
Aliment Pharmacol Ther 2014; 39: 302-311
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was no difference in rectal threshold volumes between
groups at baseline; however, rectal sensitivity increased
after lactose ingestion in IBS-D patients with anxiety and
high numbers of mucosal mast cells. This effect on visceral sensitivity was associated also with the severity of LI
symptoms on multivariate analysis. These ﬁndings build
on reports that visceral hypersensitivity can be induced in
patients with LI after lactose ingestion7 and that similar
effects are seen also in IBS patients after ingestion of lactulose.28 Together, these observations indicate that this
mechanism of disease may not be limited to LI, but
shared by a range of poorly absorbed, fermentable carbohydrates (e.g. fructose, fructans, sorbitol) known as
“FODMAPs” that are ubiquitous in the diet.4
This study has some important strengths: First, a
well-deﬁned population of patients and controls with
primary lactase deﬁciency was studied. Second, unselected IBS-D patients attending clinic were recruited
and not patients referred for LHBT due to self-reports
or clinical suspicion of LI (lactose intake is very low in
this population16). Third, the diagnostic criteria for LM
and LI on 20 g LHBT that were applied have been validated locally and in other populations with a high prevalence of lactase deﬁciency.16 Indeed, it is likely that the
mechanism of disease described here can be generalised
because (i) the pathological basis of LM and LI is universal, (ii) prevalence of LI in Chinese individuals with
LM lies within the range of reported values in Caucasians29 and (iii) prevalence of IBS-D is similar and the
importance of brain–gut interactions in this condition
has been demonstrated in many populations.30 Limitations of this study include: First, the relatively small
numbers of patients and controls recruited, although,
the numbers of subjects in each group were adequate to
test the primary hypothesis (see statistics). Second, placebo control was not used and the sensitivity of 20 g
LHBT for LM was not assessed; however, in this study,
LHBT was not administered for diagnosis as all participants had documented lactase deﬁciency but, rather, to
identify the cause of symptoms in IBS patients with
food intolerance. Third, we assessed the number of
MCs in the mucosa rather than markers of MC degranulation in blood, tissue or stool because the latter are
subject to confounding factors. It should be noted that
measurements of MC degranulation are associated with
MC count in animal models,31 and that our ﬁndings
demonstrate an association between MC count and LI
symptoms. Fourth, rectal sensations were assessed by
barostat bag volume rather than pressure. This
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approach is validated;17, 18 moreover, in this study, we
were not primarily comparing rectal sensitivity between
groups at baseline, but rather comparing the increase in
sensitivity (decreased volume threshold) before and after
lactose ingestion.
In conclusion, this study supports the hypothesis
that neuro-immune modulation of visceral function is
a pathological mechanism underlying food intolerance.
Our observations reveal a close relationship between
psychological state, increased numbers of mast cells in
the enteric mucosa, with the development of visceral
hypersensitivity and food intolerance after lactose
ingestion in lactase-deﬁcient patients. These observations are not likely to be limited to dairy products,
because lactose is just one of many poorly absorbed,
fermentable carbohydrates that are ubiquitous in the
diet. Future studies will assess whether these ﬁndings
have clinical relevance in the diagnosis and management of IBS, for example, whether the presence of
high numbers of mucosal immune cells on enteric
biopsy identiﬁes an IBS-D phenotype that responds to
speciﬁc dietary therapy (e.g. reduced FODMAP diet) or
medical management with H1 blockers that inhibit MC
degranulation.

AUTHORSHIP
Guarantor of the article: Ning Dai.
Author contributions: Jianfeng Yang performed the study,
analysed the results and drafted the article. Mark Fox
contributed to the design of the study, analysed the
results and edited the manuscript. Yanqun Cong contributed to the design and performance of the study. Hua
Chu, Xia Zheng and Yanqin Long provided essential
patient support and performed the lactose HBT tests.
Michael Fried contributed to the design of the study and
edited the manuscript. Ning Dai contributed to the
design of the study, oversaw the conduct of the study
and edited the manuscript. All authors had access to the
study data and had reviewed and approved the ﬁnal version of the article.
ACKNOWLEDGMENTS
Declaration of personal interests: MRF has acted as a
paid consultant and has been paid for speaking and
reimbursed for attending symposiums by Given Imaging,
Reckitt Benckiser, Almirall and Shire Pharmaceuticals.
He has received funding of research and support of staff
by Given Imaging, Reckitt Benckiser, AstraZeneca and
Nestle.

309

J. Yang et al.
We gratefully acknowledge the statistical support from
Yunxian Yu in the Department of Epidemiology and
Health Statistics, School of Public Health, Zhejiang University, Hangzhou, China.
Declaration of funding interests: Nestle Research International and The Science and Technology Department of
Zhejiang Province, P.R.China (project numbers: 2009
C14016). Mark Fox is an employee of the National Institute
of Heath Research (NIHR) Biomedical Research Unit in
Gastrointestinal and Liver Disease and completed analysis
and writing of the paper within this unit. The views
expressed are those of the authors and not necessarily those
of the NHS, the NIHR or the Department of Health.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Table S1. Life Events Stress Test.
Table S2. Rectal sensation threshold in baseline and
after lactose HBT in IBS-D patients and healthy controls
(HCs).
Table S3. Serum cytokine level (pg/mL) of D-IBS
patients with LI and patients with LM and healthy controls (HCs).
Table S4. Interaction between anxiety, immune activation, rectal sensitivity and lactose tolerance (Pearson
rank test).

REFERENCES
1. Lomer MC, Parkes GC, Sanderson JD.
Review article: lactose intolerance in
clinical practice–myths and realities.
Aliment Pharmacol Ther 2008; 27: 93–
103.
2. Suchy FJ, Brannon PM, Carpenter TO,
et al. National Institutes of Health
Consensus Development Conference:
lactose intolerance and health. Ann
Intern Med 2010; 152: 792–6.
3. Misselwitz B, Pohl D, Fr€
uhauf H, Fried
M, Vavricka SR, Fox M. Lactose
malabsorption and intolerance:
pathogensis, diagnosis and treatment.
United Eur Gastroenterol J 2013; 1:
151–9.
4. Shepherd SJ, Parker FC, Muir JG,
Gibson PR. Dietary triggers of
abdominal symptoms in patients with
irritable bowel syndrome: randomized
placebo-controlled evidence. Clin
Gastroenterol Hepatol 2008; 6: 765–71.
5. Monsbakken KW, Vandvik PO, Farup
PG. Perceived food intolerance in
subjects with irritable bowel syndrome–
etiology, prevalence and consequences.
Eur J Clin Nutr 2006; 60: 667–72.
6. Le NB, Posserud I, Bohn L, et al. A
combined nutrient and lactulose
challenge test allows symptom-based
clustering of patients with irritable
bowel syndrome. Am J Gastroenterol
2013; 108: 786–95.
7. Di Stefano M, Miceli E, Mazzocchi S,
Tana P, Moroni F, Corazza GR.
Visceral hypersensitivity and intolerance
symptoms in lactose malabsorption.
Neurogastroenterol Motil 2007; 19: 887–
95.
8. Simren M, Abrahamsson H, Bjornsson
ES. Lipid-induced colonic
hypersensitivity in the irritable bowel
syndrome: the role of bowel habit, sex,

310

9.

10.

11.

12.

13.

14.

15.

and psychologic factors. Clin
Gastroenterol Hepatol 2007; 5: 201–8.
Lee KJ, Kim YB, Kim JH, Kwon HC,
Kim DK, Cho SW. The alteration of
enterochromafﬁn cell, mast cell, and
lamina propria T lymphocyte numbers
in irritable bowel syndrome and its
relationship with psychological factors.
J Gastroenterol Hepatol 2008; 23: 1689–
94.
Chadwick VS, Chen W, Shu D, et al.
Activation of the mucosal immune
system in irritable bowel syndrome.
Gastroenterology 2002; 122: 1778–83.
de Medeiros MT, Carvalho AF, de
Oliveira Lima JW, Dos SAA, de
Oliveira RB, Nobre ESMA. Impact of
depressive symptoms on visceral
sensitivity among patients with different
subtypes of irritable bowel syndrome. J
Nerv Ment Dis 2008; 196: 711–4.
Foley S, Garsed K, Singh G, et al.
Impaired uptake of serotonin by
platelets from patients with irritable
bowel syndrome correlates with
duodenal immune activation.
Gastroenterology 2011; 140: 1434–43, e1.
Barbara G, Wang B, Stanghellini V,
et al. Mast cell-dependent excitation of
visceral-nociceptive sensory neurons in
irritable bowel syndrome.
Gastroenterology 2007; 132: 26–37.
Buhner S, Li Q, Vignali S, et al.
Activation of human enteric neurons by
supernatants of colonic biopsy
specimens from patients with irritable
bowel syndrome. Gastroenterology 2009;
137: 1425–34.
Gwee KA, Graham JC, McKendrick
MW, et al. Psychometric scores and
persistence of irritable bowel after
infectious diarrhoea. Lancet 1996; 347:
150–3.

16. Yang J, Deng Y, Chu H, et al.
Prevalence and presentation of lactose
intolerance and effects on dairy product
intake in healthy subjects and patients
with irritable bowel syndrome. Clin
Gastroenterol Hepatol 2013; 11: 262–8,
e1.
17. Zhu Y, Zheng X, Cong Y, et al.
Bloating and distention in irritable
bowel syndrome: the role of gas
production and visceral sensation after
lactose ingestion in a population with
lactase deﬁciency. Am J Gastroenterol
2013; 108: 1516–25.
18. Sauter M, Heinrich H, Fox M, et al.
Towards more accurate measurements
of anorectal motor and sensory
function in routine clinical practice:
validation of high resolution anorectal
manometry and rapid barostat bag
measurements of rectal function.
Neurogastroenterol Motil 2013; in press.
19. O’Sullivan M, Clayton N, Breslin NP,
et al. Increased mast cells in the
irritable bowel syndrome.
Neurogastroenterol Motil 2000; 12: 449–
57.
20. Park JH, Rhee PL, Kim HS, et al.
Mucosal mast cell counts correlate with
visceral hypersensitivity in patients with
diarrhea predominant irritable bowel
syndrome. J Gastroenterol Hepatol
2006; 21: 71–8.
21. Cremon C, Gargano L, Morselli-Labate
AM, et al. Mucosal immune activation
in irritable bowel syndrome: genderdependence and association with
digestive symptoms. Am J Gastroenterol
2009; 104: 392–400.
22. Barrett JS, Irving PM, Shepherd SJ,
Muir JG, Gibson PR. Comparison of
the prevalence of fructose and lactose
malabsorption across chronic intestinal

Aliment Pharmacol Ther 2014; 39: 302-311
ª 2013 John Wiley & Sons Ltd

Mucosal immune activation and lactose intolerance
disorders. Aliment Pharmacol Ther
2009; 30: 165–74.
23. Tomba C, Baldassarri A, Coletta M,
Cesana BM, Basilisco G. Is the
subjective perception of lactose
intolerance inﬂuenced by the
psychological proﬁle. Aliment
Pharmacol Ther 2012; 36: 660–9.
24. Barreau F, Salvador-Cartier C, Houdeau
E, Bueno L, Fioramonti J. Long-term
alterations of colonic nerve-mast cell
interactions induced by neonatal
maternal deprivation in rats. Gut 2008;
57: 582–90.
25. Siddiqui AA, Miner PB Jr. The role of
mast cells in common gastrointestinal
diseases. Curr Allergy Asthma Rep 2004;
4: 47–54.

Aliment Pharmacol Ther 2014; 39: 302-311
ª 2013 John Wiley & Sons Ltd

26. Lunardi C, Bambara LM, Biasi D, et al.
Double-blind cross-over trial of oral
sodium cromoglycate in patients with
irritable bowel syndrome due to food
intolerance. Clin Exp Allergy 1991; 21:
569–72.
27. Klooker TK, Braak B, Koopman KE,
et al. The mast cell stabiliser ketotifen
decreases visceral hypersensitivity and
improves intestinal symptoms in
patients with irritable bowel syndrome.
Gut 2010; 59: 1213–21.
28. Di Stefano M, Miceli E, Missanelli A,
Mazzocchi S, Tana P, Corazza GR. Role
of colonic fermentation in the perception
of colonic distention in irritable bowel
syndrome and functional bloating. Clin
Gastroenterol Hepatol 2006; 4: 1242–7.

29. Farup PG, Monsbakken KW, Vandvik
PO. Lactose malabsorption in a
population with irritable bowel
syndrome: prevalence and symptoms. A
case-control study. Scand J
Gastroenterol 2004; 39: 645–9.
30. Konturek PC, Brzozowski T, Konturek
SJ. Stress and the gut:
pathophysiology, clinical consequences,
diagnostic approach and treatment
options. J Physiol Pharmacol 2011; 62:
591–9.
31. Vicario M, Guilarte M, Alonso C, et al.
Chronological assessment of mast cellmediated gut dysfunction and mucosal
inﬂammation in a rat model of chronic
psychosocial stress. Brain Behav Immun
2010; 24: 1166–75.

311

