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Abstract

The aim of this study was to verify the effect of physical activity level on bone mineral density (BMD)
in pre-menopausal women with lactose intolerance. Sixty women was engaged in this study (age:
31.9+6.9 years) and were initially separated into two groups: 30 women with lactose intolerance (LI) and
30 controls (C). The groups were further subdivided into less and more active using the median of weekly
total energy expenditure, estimated by the International Physical Activity Questionnaire (IPAQ-long version).
The LI diagnosis was confirmed by lactose intolerance test (oral lactose overload with monitoring of blood
glucose and associated clinical manifestations). BMD was assessed by dual energy X-ray absorptiometry
(DXA). As expected, physical activity score was higher in both groups for women classified as more active
(p>0.05). The BMD at hip and pelvis was lower in LI than in C group (p<0.05). In addition, there was a tendency
for a lower BMD in L2, L4, femoral neck and total hip for LI compared to C group (p<0.10). However, there
was no main effect of physical activity level or interaction for the BMD at any other bone sites (p<0.10).
The LI group had lower (p<0.05) absolute free-fat mass, independently of physical activity level. Therefore,
the results of the present study suggest that LI reduces BMD in pre-menopausal women and this reduction
is independent of physical activity level.
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Introduction

The lactose intolerance (LI) is a gastrointestinal
problem caused by the malabsorption of lactose
by the intestinal cells'?. The LI is present in three
different forms: congenital, primary and secondary.
The congenital form is extremely rare, and it is a
disorder characterized by growth failure and infant
diarrhea from the first exposure to mother’s milk’.
The primary form is an adult type and is the most
common form, which is genetically determined?. The
secondary form is caused by an injury in the intestine
as a result of some gastrointestinal diseases’. In all cases

there is a reduction in the activity of disaccharides
enzymes, with the lactase being the most affected*.

The IL is characterized by clinical symptoms
such as abdominal pain, diarrhea, flatulence,
nausea and bloating after ingestion of milk-
derived foods™®. This is caused by a reduction in
the lactase enzyme quantity in the small intestine,
so-called hypolactasia®?. Accordingly, lactose
cannot be fully hydrolyzed, which will instead
be fermented by the intestinal bacterial flora'.
Because of these symptoms aforementioned, the
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consumption of milk-derived foods are restricted
in IL population®’. In long term, IL can carry to a
reduced ingestion of milk-derived products, which
are rich in lactose. Therefore, the LI individuals
will ingest and absorb less calcium'?, predisposing
those individuals to bone complications such as
bone fracture as a consequence of a calcium-
induced reduction in bone mineral content®®’.
Accordingly, OBERMAYER-PIETSCH et al.’,
analyzed 73 postmenopausal women and found
that women with CC genotype (lactase deficiency)
reduced about 80% of their dairy calcium intake
as well as the calcium absorption. The authors
concluded that both insufficient calcium intake
and reduced intestinal absorption can promote
a reduction in bone mineral density (BMD) in
women with IL, increasing therefore the risk of
developing osteopenia and osteoporosis. A possible
secondary effect, which was not reported in the
literature yet, is that the low intake of milk-
derived products may affect protein intake,
reducing therefore the free fat mass. In fact, milk
is admittedly a food of great biological importance
because it is an excellent source of protein, casein,
BCAA and vitamin D. High intake of high
biological proteins is essential for the maintenance
and/or gain of muscle mass, which is the main
component of fat-free mass®. Because women have
a lower amount of lean mass, low protein intake
may be more impactful in this population. A lower
fat free mass may lead, in the long term, weight
gain and increase in the body fat, once a higher
fat-free mass has an impact on the basal energy
expenditure and weight control’.

In fact, gender and age are the main risk factors
linked to the loss of BMD. The risk of BMD loss
is higher in females'®!". After the menopause,
which occurs near 50 years old", the rate of BMD
loss accelerates the 1-1.5% per year to 3-4%
per year, mostly because a reduction of estrogen
production and a lower calcium absorption in
the intestine'>. However, any strategy attenuating
the BMD loss in premenopausal phase could
benefit the maintenance of a higher BDM at the
beginning of the menopause. In this sense, regular
practical of physical exercise has been described
as an effective strategy to prevent reduction in
bone tissue once sedentary individuals are more
susceptive to loss BMD'. In the absence of large
randomized controlled trials, the support of this
affirmation comes from cross-sectional studies or
short-term interventions, which have showed that
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physical activity practice is positively associated
with BMD regardless gender and age'*'.
Among the tasks that could alter the BMD, the
exercise activities able to generate mechanical
stress and bone overload by compression,
tension, torsion or shear are desirable. These
mechanical actions create differences in electrical
potential in the bone, acting as an electric
field, leading to the deposition of minerals in
1516 Such studies suggest that
activities with mechanical impact are protective
against osteopenia and osteoporosis'®'®. This is
corroborated by SiMkIN et al.’®, who conducted
a short-term, 5-months interventional study
with osteoporotic women, combining different
exercises (load, comprehension and torsion) and
found that trained group increased 3.8% of their
BMD at forearm, while it reduced 1.5% in the
control group. HEINONEN et al.”” performing a
18-months, randomized study with high impact
exercises in women (mean 39 years old) found
larger increase in BMD at femoral neck in trained
groups compared to the control. Lonman et al.'®
found similar results in 34-yrs old women who
performed strength training. The BMD at lumbar
spine and femoral trochanter was significantly
greater than in congener’s control. The body areas
with optimized response of BMD are lumbar
spine'>'??% and femoral neck?>*.

To date, no studies investigating the relationship
between regular physical activity and BMD in
individuals with IL have been performed. These
highlighted observations support the notion of
an exercise-induced benefit on bone, but it is still
unknown whether LI women physically active
present a reversion, even partially, of the IL-
induced reduction of BMD. The finding that the
regular practice of physical exercise reverse or at
least prevent the advance of LI-induced BMD loss
would be important to propose a more efficient
treatment to patients with LI, consequently
improving their quality of life. Therefore, the aim
of this study was to determine whether women
with LI who have a higher level of physical activity
would have proportionally higher BMD than
their sedentary counterparts. A control group
without LI was included to control the isolated
effect of LI on BMD. The hypothesis of this study
is that women with LI would have lower BMD
than women without LI, but those with higher
level of physical activity may have a higher DMO

compared to those less active.

the local stress



Method

Sample

Sixty premenopausal women, who performed or
not regular physical activity were enrolled in this
study (31.9+6.9 years, 62.0£11.6 kg, 160.8+5.8 cm),
being 30 women with primary lactase intolerance
(intolerant lactose group) and 30 control women
without LI (C). Potential candidates to participate
in the study who presented any chronic degenerative
or transmissible diseases, or any other pathology that
could alter BMD would be excluded. Participants
were nonsmokers and had no other related diseases
that could interfere with calcium absorption such as
celiac disease or food allergy. Both LI and C groups
were subdivided in less and more active, according
to the International Physical Activity Questionnaire
(IPAQ)*. Thus, four groups were generated: LI
more active, LI less active, C more active and C less
active. They voluntarily participated in this study
after reading and signing the free and informed
consent. All procedures were previously approved
by the Ethics Committee of the Federal University
of Alagoas (CEP-UFAL).

Experimental design

This is a case-control, descriptive-comparative
study. Firstly, body weight and height were measured.
Then, the participants performed a lactose tolerance
test to confirm the diagnosis of LI. Thereafter, they
were scanned with dual-energy X-ray absorptiometry
(DXA) to determine their BMD. Finally, they
answered two questionnaires as an interview format:
1) general questionnaire to identify possible diseases
and medication, 2) IPAQ* questionnaire to identify
their level of physical activity. All tests were performed
at the same time of day.

Anthropometric measurements

Body mass was measured with a mechanical
weighting scale (Filizola®, anthropometric 31, Sao
Paulo, BRA) and height through a wall professional
stadiometer (Physical, Terrazul®, Sao Paulo, BRA).

Lactose tolerance test

The participants visited the laboratory in the
morning after an 8- to 12-h overnight. After arriving
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at the laboratory, they ingested 50g of liquid-form
lactose and venous blood samples were collected
at three moments: immediately before the intake
of lactose (baseline), and 30 and 60 minutes after
ingestion. Venous blood samples were immediately
centrifuged at 3000 g for 10 minutes at 4°C to
separate plasma. The plasma glucose concentration
was measured by colorimetric reactions in
spectrophotometer (Biotech kit, Varginha, Brazil).
The lactose malabsorption diagnosis was assumed
when plasma glucose increased less than 20mg/d1>*.
The LI diagnosis was confirmed by combination of
plasma glucose curve and the presence of symptoms
such as diarrhea, constipation, headache, flatulence,
distension and abdominal pain. The volunteers
diagnosed with LI were allocated to the LI group.
Those who do not show any of the symptoms and/
or alterations in plasma glucose curve described
above were allocated in C group.

Bone Mineral Density quantification

Quantification of BMD was performed using
a DXA equipment (Hologic QDR 2000; Hologic
Inc, Walrtham, MA®) that is considered the gold
standard for measuring BMD?. The examination
was performed with the participant lying in a supine
position under a coupled stretcher equipment. Then,
a metal rod moved over the individual sending X-ray
waves from head to feet®®. From the resistance
encountered by the waves, bone mineral density,
fat-free mass and fat mass were measured®. The bone
areas analyzed were lumbar spine (L1-L4), femur,
hip, pelvis and the whole body. A DXA trained staff

performed all tests.
International Physical Activity Questionnaire

To estimate the weekly time spent in walking
activities and moderate-to-vigorous physical
activities, the Guidelines Protocol for Data
Processing and Analysis of the IPAQ-long version
was applied®. The participants reported the activities
carried out during a typical week, with questions
divided to activities at work, at home, transportation
and leisure. The energy expended was expressed as
MET-min/week. Energy expenditure was calculated
separately for walking, moderate activities and
vigorous activities, using the following formulas:
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Walking MET-min/week = 3.3 * walking minutes * walking days (1)

Moderate MET-min/week = 4.0 * moderate-intensity activity minutes * moderate days (2)

Vigorous MET-min/week = 8.0 * vigorous-intensity activity minutes * vigorous-intensity days (3)

For walking was accounted the sum of walking
activities at work, transport and leisure. For
moderate and vigorous activity were accounted
the sum of the activities considered moderate and

vigorous, respectively, for labor, transportation,
domestic engagements and leisure. Total energy
expenditure for all activities was calculated by the
following equation:

Total physical activity MET-min/week = sum of Walking + Moderate + Vigorous MET-min/week scores (4)

Subsequently, the participants were classified as
more or less active following these procedures: 1) the
median of total weekly energy expenditure, expressed
as MET-min/week was calculated for the total
sample (n = 60); 2) an average value corresponding
to 1339 MET-min/week was found; 3) women
located above the median were considered as more
active, while women below the median as less active;
4) to avoid overlap between the groups'’, women
classified as border line around the median (10%
around the median) were excluded. The final sample
into each group was: LI more active group (n = 16),
LI less active group (n = 14), C more active group
(n=11) and Cless active group (n = 13). Thus, the
LI group remained with 30 women in total, while
the C group was reduced to 24 women.

Results

The four groups were similar for age (LI more
active: 32.0+7.3; C more active: 30.0+6.0; LI less
active: 31.2+8.1 and C less active: 33.5+8.1 years,
main effect of group and physical activity level
p = 0.94 and 0.51, respectively) and height
(160.3+6.4, 158.9£10.6, 161.4+7.1 and 160.4£5.0
cm, main effect of group and physical activity level
p=0.56 and 0.54, respectively). In addition, no main
effect of group or level of physical activity for the
total mass were found (p =0.19 and 0.21, TABLE 1).

Level of physical activity

As expected, the more active groups (both
LI and C) had higher energy expenditure for
walking (p = 0.01), and moderate (p = 0.01) and
vigorous (p = 0.01) activities than their less active
counterparts, which resulted in a - 5 times larger
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Statistical analysis

All analyzes were performed using SPSS
(version 13.0, Chicago, USA). The variables
were described as mean and standard deviation
(SD). The normal distribution of the data was
verified using the Kolmovorov-Smirnov test.
The comparison of dependent variables between
groups was performed using two-way ANOVA,
having group (LI vs C) and physical activity level
(more vs less active) as factors. An interaction
between the factors was interpreted as a specific
influence of physical activity level on the disease.
The significance level was set at 5% (p<0.05).
Tendency to differences were interpreted when
p=0.05 but <0.10%.

(p=0.01) total weekly energy expenditure in the
former (LI more active : 669142856 MET-min/
week; C more active: 759343032 MET-min/week
vs. LI less active: 1370+855 MET-min/week; C less
active: 1327+733 MET-min/week).

Body composition

No main effect of group or level of physical
activity for the total mass (p = 0.19 and 0.21), bone
mineral content (p = 0.52 and 0.71) and fat mass
(p = 0.63 and 0.27) were found (in both absolute
and relative terms for these last two) (TABLE 1).
However, there was a main group effect for the fat-
free mass when expressed in absolute (p = 0.03),
but not when expressed in relative terms (p = 0.84).
The absolute fat-free mass was significantly lower
in LI than in C.
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TABLE 1 — Total body mass, bone mass, fat mass and fat-free mass in absolute and relative terms for control
and lactose intolerance groups at different physical activity levels.

Control group

Lactose intolerance group

Less active

More active

Less active

More active

Total body mass (kg) 59.26 + 11.07 65.13 + 10.76 56.78 + 11.37 59.09 + 13.23
Bone mass (kg) 2.00 £ 0.26 2.06 £ 0.23 1.97 + 0.24 1.97 + 0.40

Fat mass (kg) 18.95 +5.32 21.07 + 6.26 18.07 + 7.06 20.14 + 8.12
FFM (kg)* 37.52 + 6.29 41.11 +£5.81 35.80 + 4.66 36.28 + 4.69
Bone mass (%) 3.46 + 0.43 3.25+0.37 3.62 +0.51 3.44 + 0.62

Fat mass (%) 32.09 +3.99 32.27 +4.99 31.19 £ 6.80 33.44+7.13
FFM (%) 64.43 + 3.83 64.46 + 4.78 65.18 + 6.32 63.10 + 6.64

Quantification of bone mineral density
per site

L4 (p = 0.08) and femoral neck (p = 0.07) tended
to be lower in LI than in C (TABLE 2). Similarly,
BMD at hip (p = 0.01), total hip (p = 0.07) and
pelvis (p=0.04), but not at total pelvis (p = 0.15),
were lower in LI than in C (FIGURE 1). No effect of
physical activity level (p = 0.13-0.98) or interaction
between physical activity and group (p = 0.11-0.96)

was found for these variables.

There was no main effect of group (p = 0.15-0.21),
level of physical activity (p = 0.46-0.95) or
interaction (p = 0.40-0.95) for DMO at lumbar
spine L1, L3 and total, and femoral neck and total
hip (TABLE 2). However, BMD at L2 (p = 0.08),

TABLE 2 — Bone mineral density at different sites in the control and lactose intolerance groups of different
physical activity levels.

Control group Lactose intolerance group

Less active More active Less active More active

BMD L1 (g/cm?) 0.94+0.15 0.99+0.13 0.91+0.80 0.91+0.15
BMD L2 (g/lem?)t 0.98+0.14 1.12+0.23 0.97+0.09 0.97+0.15
BMD L3 (g/cm?) 1.00+0.13 1.05+0.15 0.97+0.09 0.97+0.14
BMD L4 (g/cm?)f 1.00+0.14 1.05+0.12 0.98+0.11 0.94£0.13
BMD LT (g/cm?) 0.98+0.14 1.03+0.13 0.960.09 0.95+0.13
BMD nFR (g/cm?)t 0.91+0.11 0.95+0.11 0.86+0.10 0.88+0.12
BMD FRT (g/cm?) 1.17+0.21 1.11+0.06 1.10+0.07 1.08+0.12
BMD TOTAL (g/cm?) 1.11+0.07 1.10+0.06 1.09+0.06 1.08+0.11

FFM: fat-free mass;

* main effect of group
(Lactose intolerance
lower than control,
p<0.05).

BMD: body mineral
density; L1-L4: lumbar
spine 1to 4; TL: total
lumbar spine;

nFR: femoral neck;
FRT: total femoral.

1 Tendency to a
main effect of group
(Lactose intolerance
lower than control,
p<0.10).
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* Main group effect
(Lactose intolerance
lower than control,
p<0.05). T Tendency
to a main group effect
(Lactose intolerance
lower than control,
p<0.10).
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FIGURE 1 — Bone mineral density at hip (Panels A and B) and pelvis (panels C and D) in the control and lactose
intolerance groups of different physical activity levels.

Discussion

In the present study, BMD of important sites
such as femur, hip, pelvis and lumbar was lower in
women with LI than in whose control. These LI
women also had lower fat free mass than controls.
However, there was no effect of the level of physical
activity, suggesting that BMD was more affected by
disease than by regular physical activity.

The BMD at hip and pelvis were significantly
reduced (~ -11 and -7.5%, respectively) and there
was a tendency for a decrease at 1.2, L4, femoral
neck and the total hip (from -1 to -13%) in women
with LI compared to control. These results are in
accordance with some studies that also found
differences in the lumbar spine BMD and femoral
neck between C and LI groups>”~°. D1 STEFANO
et al.’ showed an osteopenia incidence of 41%
in the lumbar spine (L2-L4) and femoral neck
in LI women. OBERMAYER-PIETSCH et al.?’
sample of 258 women in postmenopausal stage
found significant reduction in the lumbar spine,
femoral neck and hip to the LI group, corroborating
earlier study by HoNkANEN et al.” who also found
reduced BMD for these same sites in LI Finnish
women. There is a consensus that LI individuals

in a
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with below-average BMD showed a reduction in
calcium intake’??%332 When the absorption of
calcium, an essential micronutrient, is insufficient
to replenish daily losses, calcium is removed from
bones contributing to a negative balance of bone
remodeling and may predispose individuals to
osteopenia and osteoporose®'®*. Unfortunately,
calcium intake was not measured in this study, but
in a previous study with a very similar population®,
it was demonstrated that calcium intake in LI
women was nearly three times lower compared to
intake of the control women. This lower calcium
intake in LI women must be by a reduction
or even total abstinence in the consumption of
milk-derived products.

Studies indicate that regular physical activity has a
positive role in both the increase and maintenance of
BMD">#. Some studies have shown interesting results
regarding the effect of long-term exercise on BMD'*.
Interestingly, the reduction in BMD in women with
LI was independent of physical activity level, even
with the active group presenting -5 times more weekly
energy expenditure than their lesser active counterparts.
It is hard to explain why physical activity has not had
the expected impact on BMD, but it is worth noting
that the less active group presented a weekly energy



expenditure ~ 1300-1400 MET-min/week, which is
much above the threshold of 600 MET-min/week for
classification as moderately active following IPAQ),
and even close to the threshold for classification as
highly active (i.e., above 1500 MET-min/week)*.
This suggests that the lack of difference between the
groups may be because the less active group may
already have a high level of physical activity. This fits
well with the purposed dose-response curve of physical
activity, in which the transition from sedentary to
physically active is more impactful than the physically
active to very active®®. The fact the regular practice
of physical activity was not effective to reverse the
deleterious effects of LI women on BMD also suggests
that changes in dietary habits, in particular reduced
calcium intake, are more impactful on BMD than
perform or not perform exercise regularly.

Even though, strong evidences indicate that
physical activity is positively related to BMD, being an
important factor in its maintenance'>#. This positive
relationship can be explained by the pressure exerted
on the bones by physical exercise favoring the bone
remodeling®?**. However, not all forms of physical
exercise lead to increase in BMD. Within the exercise
modalities, those with beneficial potential are the
activities that promote impact and lifting weight'”-*
compared with those activities with no impact (e.g.,
water activities). The increase in BMD provided by
these impact activities seem to be more pronounced in
regions with larger cortical bone (e.g., femur), because
they are metabolically more active and exposed to
gravitational actions. However, not all forms of
exercise lead to an increase in BMD. For example,
HEINRICH et al.”, comparing swimmers, runners,
bodybuilders and inactive high school students,
found that the order of beneficiaries in relation to
BMD were primarily the bodybuilders followed by
runners. The swimmers were disadvantaged. Similarly,
in a randomized intervention study, Bassey and
RaMsDALE® observed women engaged in a high-
impact exercise program for 6 months increased their
trochanter BMD by 3.4%, compared with control
women matched by age who underwent low-impact
exercises. However, during the next following 6
months, the control group began to perform high-
impact exercises and showed significant gains of 4.1%
in the trochanter BMD. One possible explanation for
lack of difference between more and less active women
in the present study is that as the typo of physical
activities were not controlled it was not possible to
characterize the groups as doing exercises with high or
low bone compression. Future interventional studies
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should propose exercises with bone comprehension
to LI women in order to check the effectiveness of
exercise in reversing bone deleterious process caused
by the disease.

Finally, it was found in this study a reduction in
fat-free mass in the LI group. Despite the lack of
studies focused on the dietary profile of individuals
with LI, most likely the reduction of fat-free mass
may have been caused by a reduced consumption
of milk-derived products, which are biologically
valuable because they are whey protein, casein, BCAA
and Vitamin D sources®. In accordance with the
INsTITUTE OF MEDICINE®, it has been suggested a
daily protein intake between 0.8 and 1.0 g.kg!' body
weight. Although the food intake was not investigated
in this study, which constitutes an important
limitation, it is possible to speculate that a probable
low intake of milk-derived protein was present in
the LI group. A low protein intake, especially those
of high biological value, may result in long term in
a reduction of the muscle mass. This could explain
why the fat-free mass was lower in the LI group than
in the control group in the present study. Moreover,
the reduction in carbohydrate intake arising from
milk products, as cited in several studies'"%
also contribute to the reduction in fat-free mass, since
the low carbohydrate consumption promotes greater
protein oxidation, reducing muscle mass.

This study has some limitations that deserve to
be highlighted. Unfortunately, daily consumption
of macro (especially proteins) and micronutrients
(especially calcium, phosphorus and vitamin D) were
not assessed. Therefore, it was not possible to know if
a probable reduction in protein intake would be the
primary cause of the lower fat-free mass observed in
the LI group. Moreover, it was also not possible to
determine whether a reduced calcium intake provoked
a lower BMD in the LI group. However, similar
studies appoint to this direction®. The results of the
present study complement these findings and suggest
that the regular practice of physical exercise alone
is not able to reverse the deleterious effects of LI.
Another important limitation is the level of physical
activity was measured by IPAQ. This questionnaire
evaluates the weekly energy expenditure, but does
not inform whether the activities are of high or
low impact. Future studies should evaluate if an
intervention (longitudinal study) using exercise with
impact is able to change BMD in LI women.

From the data presented, it can be concluded
that the fat-free mass and BMD of important sites
such as femur, hip, pelvis and lumbar are lower in

, may
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women with LI than their control counterparts. LI women presented similar reduction in BMD.
These lower values were independent of the physical ~ These results suggest that the disease is a more
activity level, since even with a 5-time more weekly  powerful factor influencing BMD than the physical
energy expenditure in the more active group, active  activity level.
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Resumo

Influéncia da intolerancia a lactose e do nivel de atividade fisica sobre a densidade mineral dssea
em mulheres jovens

0O objetivo desse trabalho foi verificar o efeito do nivel de atividade fisica sobre a densidade mineral dssea
(DMO) em mulheres intolerantes a lactose. Participaram do estudo sessenta mulheres pré-menopausicas
(idade: 31,946,9 anos) separadas em dois grupos: 30 intolerantes a lactose (IL) e 30 controles saudaveis (C).
Os grupos foram posteriormente subdivididos em menos e mais ativas a partir da mediana do gasto energético
total semanal, estimado pelo questionario internacional de atividade fisica (IPAQ-verséo longa). O diagndstico
de IL foi confirmado pelo teste de intolerancia a lactose (sobrecarga oral de lactose com acompanhamento
da curva glicémica e manifestagdes clinicas associadas). A DMO foi avaliada pelo exame de absortometria
de raio-X de dupla energia (DXA). Como esperado, o escore de atividade fisica foi maior para as mulheres
classificadas como muito ativas em ambos os grupos (p>0,05). A DMO do quadril e pelve foi menor para
as mulheres do grupo IL que no grupo C (p<0,05). Também houve uma tendéncia de menor DMO em L2,
L4, colo do fémur e quadril total no grupo IL comparado ao grupo C (p<0,10). Contudo, ndo foi encontrado
efeito principal do nivel de atividade fisica ou interagdo entre os fatores para a DMO em nenhum desses
sitios 6sseos (p>0,10). O grupo IL apresentou menor (p<0,05) massa livre de gordura absoluta, o que foi
independente do nivel de atividade fisica. Desta forma, os resultados sugerem que a IL reduz a DMO de
mulheres pré-menopausicas e que essa reducado independe do nivel de atividade fisica.

PaLavras-cHave: Exercicio Fisico; Ma Absorcao; Lactose; Conteudo Mineral Osseo.
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