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Abstract

Background: The importance of scientific validation of supporting techniques to various treatments is 
unquestionable. In this context, the influence of manual lymphatic drainage (MLD) on natriuresis and lipolysis and 
its interaction with oral contraceptives still need to be investigated. 

Objectives: To evaluate the acute effect of MLD on natriuresis and lipolysis in young women using or not oral 
contraceptives.

Methods: Twenty-nine non-users of oral contraceptives and 29 oral contraceptive users, self-reported healthy, 
sedentary, normal weight women were enrolled. Analyses were conducted on two different days – control (C), 
without therapeutic intervention and MLD day. Four urine samples were collected at 60-minute intervals. MLD 
was performed in lower limbs and abdomen for 45 min following the Leduc method. Urinary flow rate and urinary 
sodium, glycerol and atrial natriuretic peptide excretion were analyzed. Data normality was tested by the Shapiro-
Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), while 
normally distributed data were expressed as mean ± standard error. Mann-Whitney test was used for unpaired 
data and Wilcoxon test for paired data. Data with normal distribution were evaluated by the unpaired t-Student 
test. Statistical significance was set at 5%.

Results: One MLD session had an acute effect on both groups, increasing natriuresis in non-users of oral 
contraceptives and glycerol and atrial natriuretic peptide excretion in oral contraceptive users. 

Conclusion: Oral contraceptives influence the effect of MLD on natriuresis. (International Journal of Cardiovascular 
Sciences. 2018;31(3)274-281)
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Introduction 

Manual lymphatic drainage (MLD) was created by the 
Danish physician Dr. Emil Vodder in 1936 as a supporting 
therapy, later established as the gold standard for the 
treatment of lymphedema.1 However, based on beauty 
standards currently imposed by society, many women 
undergo some types of treatments that have no scientific 
basis for their well-being. In this context, MLD has 

become a popular procedure among healthy individuals 

to reduce body size, and performed by individuals 

without knowledge about lymphatic system physiology 

or pathophysiology. 

Lymphatic system has a crucial role in maintaining 

fluid balance in the body, macromolecular homeostasis, 

lipid absorption and immune function. However, the effect 

of MLD on other systems has been poorly investigated.1



275
Camargo et al.

Manual lymphatic drainage, natriuresis and lipolysis

International Journal of Cardiovascular Sciences. 2018;31(3)274-281

Original Article

In women, water and electrolyte balance is influenced 
by ovarian hormones, whose receptors are located in 
reproductive tissues and in those involved in body 
fluid regulation, such as hypothalamus, cardiovascular 
system and renal tubules. These hormones affect capillary 
dynamics, by increasing renal sodium reabsorption and 
influencing plasma volume.2,3 Stachenfeld & Taylor4 
showed that estradiol increased plasma volume by its 
effect on capillary endothelial permeability, decreasing 
the outflow of proteins and water, without affecting 
extracellular fluid volume. Estrogen can affect capillary 
filtration and permeability, be it by direct action on 
capillary endothelium or indirectly by compounds like 
the atrial natriuretic peptide (ANP) and nitric oxide.4 

ANP is an important hormone stored in secretory 
granules of atrial cells, contributing to water-electrolyte 
balance. Its secretion depends on atrial distension caused 
by an increase in venous return, mechanical distension 
or hypernatremia, which lead to increased natriuresis 
combined with osmotic diuresis and vasodilation, 
relaxation of vascular smooth muscle of small arteries, 
arterioles and metarterioles, and hypotension. Besides, 
ANP inhibits renin, aldosterone and vasopressin release; 
it exerts a strong vasodilating action in the kidneys, 
contributing to increased blood flow and glomerular 
filtration rate, resulting in natriuresis and increased 
urine flow.5 In adipocytes, ANP induces lipolysis via 
cyclic guanosine monophosphate (cGMP), resulting 
in activation of protein kinase G type I (GK-I), and 
degradation of triglycerides by perilipin A and hormone-
sensitive lipase (HSL).6

Nelson et al.7 examined plasma concentration of 
glycerol and its urinary excretion in 12 young, healthy, 
trained men. The authors found that plasma glycerol 
peak concentration coincided with its peak in urinary 
excretion. Krupek et al.8 evaluated urinary glycerol before 
and after twelve sessions of MLD in 3 young healthy 
women. Urinary glycerol was not increased in this study.

Data on the effects of MLD on natriuresis and lipolysis 
are scarce and conflicting. Our aim was to assess the 
acute effect of MLD on natriuresis and lipolysis in young 
women using or not oral contraceptives.

Material and methods

According to the regulations of researches involving 
human subjects (resolution number 466/2012, Brazilian 
National Health Council), the study was approved 
by the Research Ethics Committee of the School of 

Medical Sciences/University of Campinas (CAAE: 
24537613.2.0000.5404), Brazilian Registry of Clinical 
Trials -45c8br. All participants signed the informed 
consent form.

Sample size was calculated based on a pilot study. 
GraphPad Statmate software, version 2 was used for 
calculation of 95% confidence interval and power of 80%. 
Thus, for statistical power of the sample be considered 
relevant, 30 volunteers per group would be necessary. 
This calculation was performed by Prof. Maria Imaculada 
de Lima Monteselo, specialist in the area. Twenty-nine 
women, non-users of oral contraceptives (nOCPu 21.5 ± 0.6 
years BMI 21.3 ± 0.5 kg/m2) and 29 oral contraceptive users 
(OCPu 21.4 ± 0.5 years, BMI 21.8 ± 0.4 kg/m2), sedentary 
(international physical activity questionnaire, IPAQ-v8),9 
self-reported as healthy, and taking no medications except 
for OCP were enrolled. Women of the nOCPu group were 
included in luteal phase of menstrual cycle, whereas women 
of the OCPu group in the “rest period” from the OCP.

All procedures were performed with volunteers at 
rest, in supine position, without fluid ingestion in a 
temperature-controlled room (22-24ºC) and relative 
humidity between 40 and 60% in the morning. For 
maintenance of resting metabolism, all volunteers 
received a standardized diet composed of one Brazilian 
nut, one nut, two apricots and six almonds without salt 
or sugar added.

MLD procedure

MLD was performed by the same physiotherapist as 
proposed by Leduc and Leduc10 Volunteers underwent 
a 45-minute session on abdomen and lower limbs.11 
Participants had previously received instructions for 
the procedure.

First, in the abdomen, MLD of axillary lymph nodes 
was done by 10 strokes (clearing motions). Anterior 
abdominal wall was drained to two directions – the 
region above the umbilicus was drained toward the 
axilla, whereas the region below umbilicus was drained 
toward the inguinal lymph nodes – and thereby the 
inguinal lymph nodes were drained before the lower 
abdominal region. Following drainage of axillary 
and inguinal regions, 10 movements in each region 
were performed, beginning from the region closer to 
corresponding lymph nodes toward distal region. And 
finally, another movement in the opposite direction, i.e., 
from the distal toward proximal lymph nodes followed 
by 10 strokes on axillary lymph nodes were performed.
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Figure 1 - Urine collection schedule on day without therapeutic intervention (Control) and on day with manual lymphatic drainage (MLD).
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In the lower limbs, drainage of inguinal lymph nodes 
was started by 10 strokes to evacuate the lymph. With 
the hands contacting the skin, a pressure was put to 
promote the flow of the lymph towards internal iliac 
lymph nodes, followed by 10 strokes in each region, from 
proximal to distal thigh to direct the flow of the lymph to 
the internal saphenous vein. Ten strokes were performed 
on the knees, aimed at cleaning popliteal lymph nodes, by 
dividing the area in two regions (upper and lower). Then, 
drainage of legs and thighs was performed, promoting 
lymph to drain toward the anterointernal part of the leg. 
In the ankles, 10 strokes in the retromalleolar region were 
made, directing the lymph to the leg, which was repeated 
on the feet. At the end of the procedure, a clearing motion 
was performed from the foot to the upper part of the 
leg, followed by 10 motions on popliteal lymph nodes 
and one motion toward upper thigh. The procedure was 
finished by 10 strokes on inguinal lymph nodes.

Urine collection and assessment of urine composition

Urine was collected at four-time points with 60-minute 
intervals – -60, 0, 60 and 120 minutes. Urine samples were 
collected using 1000mL beakers in a water closet available 
by the experiment room. Volunteers were instructed to 
completely empty the bladder for correct assessment 
of urine flow. The sample collected at -60min aimed at 
excluding potential influence of dietary or climate factors 
on the results. This protocol was followed on two days – 
one (control) day without therapeutic intervention and 
one day of MLD, performed between urine collection at 
0 and 60 minutes11 (Figure 1).

Urinary excretion of the following compounds was 
calculated from urinary flow rate (mL/min): sodium, 
by titration with silver nitrate (mM/min), glycerol 
(mmol/min) by colorimetric assay (LABORCLIN, SP); 
and ANP (pg/min) by ELISA (USCNLife Science Inc., 
Houston, EUA).

Statistical analysis

Stat i s t i ca l  analys is  was  per formed us ing 
GraphPadPrism 5.0 software (Inc, La Jolla, CA, USA). 
Normal distribution was tested by the Shapiro-Wilk 
test. Data without normal distribution were expressed as 
median and interquartile range (25%-75%), whereas those 
with normal distribution as mean ± standard error. For 
data without normal distribution, the Mann-Whitney test 
and Wilcoxon test were used for unpaired (different “n”) 
and paired (same “n”) data, respectively, and normally 
distributed data were analyzed by the unpaired t-test. 
Statistical significance was set at 5%.

Results

In within-group analysis, on both days (control and 
MLD), initial values (0 min) in the nOCPu group showed 
increased urinary flow rate without changes in sodium or 
glycerol excretion. The same analysis showed that there 
were no statistical differences in OCPu between days. 
However, between-group comparison showed that, at 
the beginning of the study, urinary flow rate on both 
days and sodium excretion on control day were lower 
in OCPu than nOCPu (Table 1).
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Table 1 - Urinary composition in young women, users (OCPu) or not (nOCPu) of oral contraceptives on manual 
lymphatic drainage (MLD) day or control (C) day at baseline

Urinary 

flow rate

nOCPu OCPu

Between-

group 

analysis 

Within-group 

analysis 

C MLD C MLD
P*

C

P#

MLD

P$

nOCPu

P$

OCPu

Urine  

(mL/min)
0.70(0.47-1.35) 1.20(0.70-1.93)$ 0.51(0.33-0.75)* 0.70(0.40-1.00)# 0.048 0.006 0.034 0.177

Sodium 

(mM/min)
140(110.50-184.20) 185.40±100.00 113.30(78.05-149.50)* 161.10±87.10 0.027 0.329 0.414 0.097

Glycerol 

(µmol/min)
0.01(0.007-0.035) 0.014(0.007-0.02) 0.04(0.01-0.15)* 0.09(0.01-0.14)# 0.014 0.004 0.595 0.945

ANP 

(pg/min)
0.79(0.33-2.71) 1.91(0.57-3.94) 2.45(1.21-2.86) 2.38(1.63-4.92) 0.064 0.146 0.214 0.324

Normal distribution was tested by the Shapiro-Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), 
whereas those with normal distribution as mean ± standard error. For normally distributed data, the Mann-Whitney test was used for unpaired data 
(different “n”) and the Wilcoxon test for paired data (same “n”). The unpaired t-test was used for data that failed to pass the normality test. Significance 
level was set at 5%. ANP: atrial natriuretic peptide.

Urinary flow remained unchanged in nOCPu on both 
days. However, on control day, OCPs showed an increase 
in this parameter over time. On MLD day, although 
urinary flow increased from 0 to 60min, no difference 
was observed between 120 min and 60 minutes (Table 2). 

Urinary excretion of sodium increased in nOCPu 
group on control day only at 120 minutes; however, on 
MLD day, this increase occurred at 60 min, indicating an 
acute effect of the therapy on sodium in the body. At 0 on 
control day, sodium urinary excretion was lower in OCPu 

Table 2 - Urinary flow rate in young women, users (OCPu) or not (nOCPu) of oral contraceptives (OCPu) on manual 
lymphatic drainage (MLD) day or control (C) day at 0, 60 and 120 minutes

0 60 120
P**

60 vs 0

P#

120 vs 0

P&

120 vs 60

nOCPu
C 0.70(0.47-1.35) 1.00(0.70-1.31) 1.00(0.69-1.47) 0.06 0.32 0.38

MLD 0.70(0.49-1.90) 1.20(0.70-1.93) 1.20(0.59-1.40) 0.08 0.86 0.15

OCPu
C 0.51(0.33-0.75)* 0.83(0.58-1.47)** 1.18(0.84-1.80)#& 0.0001 0.0001 0.01

MLD 0.70(0.40-1.00) 1.30(0.69-2.25)** 1.40(0.96-1.80)# 0.0001 0.0009 0.56

Between-

group 

analysis

P* C 0.04 0.51 0.19

P MLD 0.27 0.75 0.07

Within-

group 

analysis

nOCPu 0.18 0.32 0.91

OCPu 0.29 0.13 0.94

Normal distribution was tested by the Shapiro-Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), 
whereas those with normal distribution as mean ± standard error. For normally distributed data, the Mann-Whitney test was used for unpaired data 
(different “n”) and the Wilcoxon test for paired data (same “n”). The unpaired t-test was used for data that failed to pass the normality test. Significance 
level was set at 5%.
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as compared with the nOCPu group. An increase in this 
parameter was observed on both study days, suggesting 
that MLD had no effect on this variable (Table 3). 

Glycerol excretion did not change in nOCPu on both 
study days, and on control day, values of this variable 
were greater at 0 for OCPu as compared with nOCPu. 
Although glycerol excretion increased over time in the 
OCPu group on control day, it was greater in the OCPu 
group (Table 4).

ANP values in nOCPu at 60 min were higher than 
in OCPu. MLD increased ANP excretion in OCPu only 
(Table 5).

Discussion

One strength of the protocol proposed in this study was 
a “control” day, to demonstrate that changes occurring 
after the MLD were actually caused by the procedure. 

When control day of both groups was compared, no 
difference in urinary excretion was found. Graugaard-
Jensen et al.12 investigated 8 healthy, young women with 
regular menstrual cycle in low and high estrogen phases. 
The author showed that hormone levels had no effect on 
urinary excretion. In addition, although urinary excretion 
did not change between the two time-points, the authors 
observed a tendency towards sodium retention when 
estrogen was high.

Table 3 - Urinary sodium excretion in young women, users (OCPu) or not (nOCPu) of oral contraceptives on manual 
lymphatic drainage (MLD) day or control (C) day at 0, 60 and 120 minutes

0 60 120
P**

60 vs 0

P#

120 vs 0

P&

120 vs 60

nOCPu
C 140(110.50-184.20) 202.90±113.40 194.70(148.50-244.20)# 0.07 0.04 0.97

MLD 185.40±100.00 200.00(109.70-329.40)** 203.00±93.13 0.02 0.26 0.24

OCPu
C 113.30(78.05-149.50)* 198.20±87.13** 210.00(166.90-333.90)#& 0.0001 0.0001 0.001

MLD 161.10±87.10 199.80(138.70-313.60)** 237.60(193.70-331.60)# 0.0001 0.0001 0.08

Between-

group 

analysis

P* C 0.02 0.86 0.10

P MLD 0.39 0.82 0.06

Within-

group 

analysis

nOCPu 0.53 0.21 0.90

OCPu 0.05 0.19 0.91

Normal distribution was tested by the Shapiro-Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), 
whereas those with normal distribution as mean ± standard error. For normally distributed data, the Mann-Whitney test was used for unpaired data 
(different “n”) and the Wilcoxon test for paired data (same “n”). The unpaired t-test was used for data that failed to pass the normality test. Significance 
level was set at 5%.

Based on our protocol, nOCPu responded to MLD 
with increased sodium excretion and nOCPu with 
increased urinary excretion when compared with nOCPu, 
suggesting an acute effect of this technique on natriureis, 
and hence on urine composition.

Camargo et al.11 showed that one MLD session 
promoted an increase in urinary excretion with unaltered 
sodium excretion or urinary osmolarity in OCP non-
users. On the other hand, OCP users were not sensitive 
to the acute effect of the therapy. These findings suggest 
an underlying hormonal regulation of these mechanisms. 
Increased estrogen and progesterone levels were found 
in OCP users, even though the exact mechanism of these 
hormones on water-electrolyte balance is still unclear.2,4,13 

Stachenfeld & Taylor4 investigated the effects of 
gonadotropin-releasing hormone (GnRH) administration, 
combined or not with 17 beta-estradiol (transdermal 
patches, 0.1 mg/day) in young, healthy, non-smoking 
women. The authors found that 17 beta-estradiol caused 
a reduction in urinary osmolarity by concentration of 
vasopressin in the plasma at baseline. Stachenfeld & 
Keefe3 found that estrogen and progesterone in young, 
healthy women caused little change in water and sodium 
regulation, suggesting that these hormones affect 
allostasis. These investigators reported a reduction in 
osmotic threshold and increase in plasma vasopressin, 
without changes in urinary free water, indicating that 
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Table 4 - Urinary glycerol excretion in young women, users (OCPu) or not (nOCPu) of oral contraceptives on manual 
lymphatic drainage (MLD) day or control (C) day at 0, 60 and 120 minutes

0 60 120
P**

60 vs 0

P#

120 vs 0

P&

120 vs 0

nOCPu
C 0.02(0.01-0.03) 0.01(0.01-0.06) 0.02(0.01-0.07) 0.91 0.62 0.52

MLD 0.01(0.01-0.02) 0.03(0.01-0.08) 0.02(0.01-0.07) 0.10 0.19 0.80

OCPu
C 0.05(0.02-0.15)* 0.10(0.04-0.31)* 0.17(0.06-0.56)*# 0.05 0.01 0.23

MLD 0.09(0.01-0.15)% 0.12(0.03-0.32)% 0.17(0.07-0.44)%# 0.10 0.01 0.38

Between-

group 

analysis

P* C 0.01 0.0001 0.0001

P MLD 0.0049 0.0012 0.0001

Within-

group 

analysis

nOCPu 0.59 0.14 0.72

OCPu 0.94 0.86 0.91

Normal distribution was tested by the Shapiro-Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), 
whereas those with normal distribution as mean ± standard error. For normally distributed data, the Mann-Whitney test was used for unpaired data 
(different “n”) and the Wilcoxon test for paired data (same “n”). The unpaired t-test was used for data that failed to pass the normality test. Significance 
level was set at 5%.

Table 5 - Urinary atrial natriuretic peptide excretion in young women, users (OCPu) or not (nOCPu) of oral 
contraceptives on manual lymphatic drainage (MLD) day or control (C) day at 0, 60 and 120 minutes

0 60
P**

60 vs 0

nOCPu
C 0.79(0.33-2.71) 1.10(0.54-3.71) 0.45

MLD 1.91(0.57-3.94) 1.72(0.88-4.79) 0.87

OCPu
C 2.45(1.21-2.86) 4.05(1.90-6.63)* 0.05

MLD 2.38(1.63-4.92) 7.67±5.48%** 0.03

Between-group 

analysis

P* C 0.06 0.0047

P% MLD 0.14 0.0054

Within-group 

analysis

nOCPu 0.21 0.24

OCPu 0.32 0.13

Normal distribution was tested by the Shapiro-Wilk test. Data without normal distribution were expressed as median and interquartile range (25%-75%), 
whereas those with normal distribution as mean ± standard error. For normally distributed data, the Mann-Whitney test was used for unpaired data 
(different “n”) and the Wilcoxon test for paired data (same “n”). The unpaired t-test was used for data that failed to pass the normality test. Significance 
level was set at 5%.

OCP inhibits renal sensitivity to vasopressin, requiring 
higher hormone production to obtain the same effects. 
This is corroborated by our results in OCPu on both days, 
suggesting that OCP induces greater sensitivity to central 
osmoreceptors. We believe that resting and temperature-
controlled conditions in our study prevented water 

loss from the body surface, resulting in dilution in the 
extracellular compartment and inhibitory stimulus of 
vasopressin, which, in turn, promoted an increase in 
urinary excretion in the OCPu group.

Increased venous return is one of the stimulus for 
ANP release by atrial cells. ANP exerts its biological 
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function by binding into receptors located in renal 
tubules and in the glomerular zone of the adrenal glands, 
inhibiting sodium reabsorption by decreased renin 
secretion, resulting in lower production of angiotensin 
II, aldosterone and vasopressin. 

Graugaard-Jensen et al.12 reported that changes in 
endogenous estrogen have no effects on  plasma ANP 
levels. In contrast, in our study, women of the OCPu had 
higher estrogen levels and greater urinary ANP excretion.

According to Schlueter et al.,6 ANP lipolytic effect 
occurs via GMPc formation, which induces triglyceride 
degradation. However, MLD did not affect urinary 
excretion of ANP or glycerol, suggesting that venous 
return promoted by this procedure was not sufficiently 
effective to stimulate ANP and exert a lipolytic effect 
readily observable in the urine.

Our data corroborate those found by Krupek et al.8 
These authors reported that 12 sessions of MLD had 
no effect on urinary glycerol excretion in 3 healthy, 
young women. However, different from our study, the 
authors investigated the chronic effect rather than the 
acute effect of MLD.

One limitation of our study was the fact that urine 
collection was carried out in the mornings, which limited 
the participation of many eligible volunteers. 

Conclusion

One session of MLD promoted an acute effect on 
natriuresis in women not taking OCP and glycerol and 
ANP secretion in OCP users by increasing these parameters.
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