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Introduction: This study aimed to assess the impact of wearing compression stockings on 

women’s quality of life (QoL) associated with nausea and vomiting in early pregnancy (NVP).

Methods: In this randomized, open, single-center, crossover study, 74 women were assigned 

1:1 to 2 weeks with compression stockings followed by 2 weeks without or vice versa. The main 

outcomes were NVP-associated QoL, leg-related QoL, and dizziness, as assessed by the Nausea 

and Vomiting in Pregnancy Quality of Life (NVPQOL) questionnaire, Chronic Venous Disease 

Quality of Life (CIVIQ) questionnaire, and questions on dizziness at baseline and after each 

2-week period, respectively. Daily NVP was assessed using the modified Pregnancy-Unique 

Quantification of Emesis and Nausea (PUQE) questionnaire. Data were analyzed using Pearson’s 

chi-square and independent t-tests.

Results: Fifty-eight women completed the study. QoL scores improved with compression treat-

ment; changes in mean total scores were as follows: NVPQOL, −36.7 with compression vs −21.7 

without (P0.0001); and CIVIQ, −4.5 with compression vs +1.4 without (P=0.001). Mean diz-

ziness scores were −3.2 with compression vs −0.4 without (P0.0001). PUQE mean total score 

(standard deviation) was 4.9 (2.3) with compression vs 5.5 (2.2) without (P=0.042).

Discussion: Wearing of compression stockings in early pregnancy may improve nausea and 

vomiting-associated symptoms in addition to improving QoL factors.

Keywords: compression stockings, pregnancy, nausea, quality of life, dizziness, circulatory 

disturbances

Introduction
Approximately 50%–80% of women experience nausea and vomiting in early 

pregnancy (NVP), that is, during the first and early second trimesters. Onset of symp-

toms is usually at about the 5th week after the last menstrual period, with a peak at 

8–12 weeks and resolution by 16–20 weeks.1,2 NVP may be categorized as emesis 

gravidarum, which is mild, or hyperemesis gravidarum, which requires treatment or 

even hospitalization. A systematic review of studies that used quantification instru-

ments to measure NVP, excluding women with hyperemesis gravidarum, emphasized 

the detrimental impact of NVP on women’s quality of life (QoL), especially their 

ability to work.2

Nausea and vomiting have multiple causes. In pregnancy, physical examination 

and routine laboratory investigations should be performed to rule out known and 

treatable reasons for the condition.3 NVP is diagnosed only after other causes have 

been ruled out; furthermore, as it is limited to early pregnancy, it is often diagnosed 

retrospectively.3
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Although the cause of NVP is still unknown, several 

possible contributing factors have been identified, includ-

ing human chorionic gonadotropin (hCG). Levels of this 

hormone are highest in the first trimester, coincident with the 

peak of vomiting and nausea, and women with NVP have 

been shown to have higher hCG concentrations in serum 

and urine than asymptomatic pregnant women.4 Female sex 

hormones impair the function of smooth muscle, affect-

ing esophageal, gastric, and small bowel motility, and this 

dysmotility may be another contributing factor to NVP.5,6 

The same effect has been shown in nonpregnant women 

taking oral contraceptives.7 Psychological reasons have been 

postulated but never demonstrated.3 The factors possibly 

contributing to NVP have been reviewed by Lee and Saha.8 

It has also been suggested that, in evolutionary terms, 

NVP could have a protective effect in early pregnancy, 

realized by nutritional change, increased social support, 

more passive and careful behavior, earlier recognition of 

pregnancy and a positive influence on fetal development.9 

It may be no coincidence, therefore, that NVP is associated 

with fewer fetal deaths and higher birth weight.10,11

Successful treatment of NVP would improve the QoL 

of pregnant women; however, therapies used in early preg-

nancy must be demonstrably safe and not increase the risk 

of spontaneous abortion or birth defects. A number of thera-

peutic interventions ranging from pharmaceutical products to 

natural therapies are available to help alleviate symptoms.1,12 

However, women remain reluctant to take medications during 

pregnancy,13 and a safe, effective, and acceptable treatment 

for NVP is still to be found.

Clinical guidelines recommend that pregnant women 

wear compression stockings to prevent and/or treat venous 

edema, venous thromboembolism and varicose veins.14–16 

A recent study investigated treatment compliance in women 

who were offered the option of wearing compression stock-

ings between weeks 4 and 28 of pregnancy.17 Of 98 women, 

69.4% agreed to wear compression stockings, of whom 

58.8% wore them daily. The study reported that use of 

compression stockings significantly reduced leg pain and 

increased QoL, as assessed by the Chronic Venous Disease 

Quality of Life (CIVIQ) questionnaire. The largest positive 

effects were observed in the group of women who wore 

compression stockings every day.17

This study was undertaken following the first author’s 

personal experience with and without stockings in early 

pregnancy. The aim was to evaluate the effect of compression 

stockings on symptoms of nausea, vomiting, and dizziness 

between weeks 8 and 16 of pregnancy, and the impact on 

QoL, using validated measures.

Methods
Patients and study design
This randomized, single-center, open, crossover study was 

conducted in Wunstorf, Germany, from November 2013 

to March 2015 (trial registration no DRKS00009679 in 

the German Clinical Trials Register). Pregnant women 

aged 18 years and with mild to moderate NVP were eligible 

to participate. Exclusion criteria included severe hyperem-

esis; a history of thrombosis, edema, or skin changes typical 

of chronic venous insufficiency; no palpable arterial pulses, 

deep, or superficial reflux on ultrasound; requirement for 

custom-made stockings; regular prior use of compression 

stockings; and inability to read and complete a questionnaire 

in German. Women who reported leg pain were referred 

for specialist medical advice to rule out venous disorders. 

The study was approved by the Ethics Committee of the 

Medical Chamber of Lower Saxony (BO/28/2013), and all 

participants provided written informed consent.

Eight local gynecologists were sent details of the planned 

research project, and asked to inform their patients about 

the study and pass on an information sheet. After reading 

the information, pregnant women who were willing to 

participate were requested to confirm their interest with the 

author’s office. The planned investigation was also reported 

in the local press, asking eligible patients to contact their 

gynecologist or the author’s office. The eligibility of potential 

study participants was assessed over the phone and eligible 

women were scheduled for a first visit during weeks 8–14 

(inclusive) of their pregnancy. Staff explained to patients that 

the purpose of the study was to investigate the possible influ-

ence of stockings on symptoms in a manner that was intended 

to avoid influencing patients’ subsequent perceptions.

During the first visit, a detailed physical examination 

was conducted, including photoplethysmography (Elcat 

Vasoquant®, Elcat GmbH, Wolfratshausen, Germany) and 

duplex ultrasound (Fuji Fazone®, Fujifilm, Tokyo, Japan; 

fitted with an 8 MHz linear probe), to assess blood flow in 

deep and superficial leg veins. Medical history was assessed 

to ensure that women satisfied the inclusion and exclusion 

criteria. All women who were eligible were randomized 1:1, 

in three blocks of 20 participants, to 2 weeks with compres-

sion stockings followed by 2 weeks without (compression 

first) or the reverse sequence (compression second). Three 

blocks of 20 unmarked envelopes were prepared and sealed, 

containing 10 for each group, all identical in appearance; each 
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woman chose an envelope at random. To achieve groups of 

equal size, women who dropped out were replaced after each 

block of participants by adding the corresponding number of 

identical-appearing unmarked envelopes. Due to the nature 

of the intervention, participants and investigators were not 

blinded to the treatment sequence.

During the compression period, participants were supplied 

with two pairs of appropriately sized medical calf compres-

sion stockings (23–32 mmHg at the ankle; Cotton Quality, 

SIGVARIS Management AG, Winterthur, Switzerland) and 

instructed to wear them during waking hours for a minimum 

of 5 hours every day and to document the number of hours 

worn. Participants were shown how to wear the stockings 

and given opportunities to practice putting them on.

assessment of endpoints
The primary endpoint was the change in the Nausea and 

Vomiting in Pregnancy Quality of Life (NVPQOL) score 

between baseline and the end of each period (with or with-

out compression). Secondary endpoints were the changes in 

dizziness, CIVIQ, and Pregnancy-Unique Quantification of 

Emesis and Nausea (PUQE) scores. Safety was assessed by 

the CIVIQ questionnaire and by monitoring leg-associated 

symptoms.

The NVPQOL questionnaire is a validated NVP-specific 

QoL instrument that contains 30 items and covers four general 

domains consisting of physical symptoms and aggravating 

factors, fatigue, emotions, and limitations (Table S1).18,19 

The total score is between 30 and 210, with lower scores 

corresponding to better QoL.

To assess dizziness, the following four questions were 

added to the NVPQOL questionnaire:

•	 How often in the last week have you fainted or felt close 

to fainting after standing or straightening up quickly?

•	 How often in the past week have you felt dizzy during 

the day?

•	 How often in the past week have you had a sudden feeling 

of light-headedness?

•	 How often during the last week have you been restricted 

in your normal daily activity by circulatory problems (eg, 

faintness, dizziness, or light-headedness)?

The total score was obtained by summing the scores for 

each question.

Participants were also asked to complete a CIVIQ ques-

tionnaire, which is a validated tool developed to evaluate the 

impact of venous disease on QoL20 and is available at http://

www.civiq-20.com/getting-copy/linguistic-versions-civiq-20/ 

(this questionnaire was developed by Professor Launois with 

an educational grant from Servier). Patients evaluate 20 items 

related to their QoL (pain [4 items] and physical [4 items], 

social [3 items], and psychological well-being [9 items]) on 

5-point Likert scales. Answers are summed for each dimension 

and rescaled to a score ranging from 0 (best score, no impair-

ment) to 100 (worst score, maximal impairment).

Participants were also given a modified PUQE question-

naire, which is a validated questionnaire that covers symp-

toms of nausea and vomiting during the preceding 12 hours 

(Table S2),21 to fill in daily at home until the next clinic visit 

(scheduled 2 weeks after the first visit). A question on the 

use of any drugs each day was added to the questionnaire. 

Higher scores reflect worse NVP. A question on compliance 

was added to the PUQE questionnaire to document whether 

the stockings were worn daily and the duration for which 

they were worn.

During the second study visit, the completed PUQE 

questionnaires were collected, the physical examination and 

QoL questionnaires were repeated, and new PUQE question-

naires issued. Used compression stockings were collected 

from the compression first group to ensure that no compres-

sion stockings were worn during the following 2 weeks. 

Participants in the compression second group were given 

stockings and introduced to their use, and were also given 

a new PUQE questionnaire to be completed at home. At the 

final visit 2 weeks later, the completed PUQE questionnaires 

were collected and the physical examinations repeated. The 

study participants completed a final set of the CIVIQ and 

NVPQOL and dizziness questionnaires. The questionnaires 

took ~15 minutes to complete, and all three were used in 

order to differentiate changes in edema-related complaints 

from those related to nausea and vomiting. Participants were 

also required to grade their experience based on four further 

questions that were compiled for this study (Table S3).

statistical analysis
In response to advice from the Ethics Committee of the 

Medical Chamber of Lower Saxony in February 2011,  

a pilot study was performed on 20 patients. The results of this first 

group (20 patients enrolled, 17 finishing the pilot study) showed 

a significant reduction in most aspects of NVP as measured using 

both the NVPQOL and PUQE, allowing a power analysis to be 

conducted. The estimated number needed to achieve significant 

results was 60 (Table S4). Data were analyzed using Statistical 

Package for the Social Sciences (SPSS) version 13.0 (SPSS Inc, 

Chicago, IL, USA). Comparisons between the two groups were 

evaluated using Pearson’s chi-square and independent t-tests.  

A P-value of 0.05 was considered significant.
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Results
A total of 74 women were enrolled in the study. Sixteen of 

these patients dropped out of the study, as shown in Figure 1. 

Fifty-eight women completed the study and were included in 

the analysis set. Baseline data are shown in Table 1. Mean 

age was 31.7 years and mean gestational week was 9 weeks 

and 3 days. There were no statistically significant between-

group differences in any baseline characteristics. Patients 

were allowed to use medications when considered necessary 

by their gynecologist, and the number and types of drugs 

taken did not differ between the phases with and without 

stockings. In the phases with/without stockings, respectively, 

13/10 patients used a drug at least once, and on 10.9%/10.1% 

of all recorded days, a drug was taken.

Patient-reported compliance with compression therapy 

was high: 100% of participants reported wearing their com-

pression stockings daily. Participants indicated that they 

wore the compression stockings for 8 hours on 7 days 

and for 5–8 hours on the other days during the 2-week 

compression period. The majority of patients completed 

their questionnaires: one CIVIQ questionnaire and one 

NVP plus dizziness questionnaire were not filled in at all; 

for all other questionnaires, 97% of individual questions 

were complete.

Mean scores for all NVPQOL domains decreased from 

baseline over time, indicating an improvement, and these 

decreases were greater for the period with compression 

(Table 2). Changes in NVPQOL are shown in Figure 2. 

Table 1 Baseline characteristics

Characteristics Compression first (N=29), n (%) Compression second (N=29), n (%) Overall (N=58), n (%)

age, years (mean ± sD) 31.53±4.88 31.86±5.24 31.70±31.30
24 1 (3.4) 4 (13.8) 5 (8.6)
25–29 12 (41.4) 6 (20.7) 18 (31.0)
30–34 11 (37.9) 12 (41.4) 23 (39.7)
35 5 (17.2) 7 (24.1) 12 (20.7)

Parity (mean ± sD) 1.90±1.37 1.62±1.35 1.76±1.36
0 3 (10.3) 2 (6.9) 5 (8.6)
1 12 (41.4) 17 (58.6) 29 (50.0)
1 14 (48.3) 10 (34.5) 24 (41.4)

children (mean ± sD) 0.69±0.89 0.41±0.73 0.55±0.82
0 16 (55.2) 21 (72.4) 37 (63.8)
1 7 (24.1) 4 (13.8) 11 (19.0)
1 6 (20.7) 4 (13.8) 10 (17.2)

Week of pregnancy (mean ± sD) 9.76±1.79 9.07±1.25 9.41±1.57
8 9 (31.0) 12 (41.4) 21 (36.2)
9–10 9 (31.0) 15 (51.7) 24 (41.4)
11–12 9 (31.0) 1 (3.4) 10 (17.2)
13–14 2 (6.9) 1 (3.4) 3 (5.2)

Notes: “First” refers to the group who wore the compression stockings during the first 2 weeks of the 4-week study. “Second” refers to the group who wore the 
compression stockings during the final 2 weeks of the 4-week study.
Abbreviations: n, number of patients; n, total number of patients; sD, standard deviation.

Figure 1 Patient enrolment.
Notes: “First” refers to the group who wore the compression stockings during the first 2 weeks of the 4-week study. “Second” refers to the group who wore the 
compression stockings during the final 2 weeks of the 4-week study.
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Mean change from baseline in NVPQOL total score was 

significantly greater after the period with compression 

(−36.67) vs that without compression (−21.68; P0.001). 

The detrimental impact of nausea and vomiting on QoL was 

therefore significantly lower during compression treatment. 

Similarly, participants experienced fewer periods of dizzi-

ness in the period with compression (mean change −3.22) vs 

that without compression (−0.44; P0.001; Table 2). In the 

period without compression, episodes of dizziness increased 

over time (Figure S1).

Small, nonsignificant increases were observed in some 

CIVIQ scores from baseline to the end of the period with-

out compression (Table 2). Mean change in total CIVIQ 

score from baseline differed significantly after the period 

with compression (−4.46) vs that without compression 

(+1.39).

Participants reported less pain in their legs, and fewer 

physical and psychological limitations after the period with 

compression than after the period without compression.

Baseline scores were not collected for the PUQE ques-

tionnaire. The daily evaluation of each parameter changed 

throughout the first week and plateaued in the second 

week (Figure S2). Therefore, the mean scores from the 

second week with and without compression were compared 

(Table 3). Compression significantly reduced the mean 

scores for nausea, retching, circulatory disturbance, and total 

PUQE. To provide a comparison with the more severe scores 

reported in a study that used medication to control NVP,22 

patients were also divided into those with total PUQE scores 

of 6 (no or mild NVP) or 6 (moderate or severe NVP) 

without compression; mean PUQE total scores for these two 

categories are shown in Table 4.

Based on the questions, participants were asked at the 

end of the 4-week study, 50% felt that compression helped 

against nausea, 67% confirmed that compression helped them 

against heavy legs, 62% would go on wearing compression 

stockings or would wear them again, and over 80% would 

recommend wearing compression stockings during the first 

weeks of pregnancy.

Table 2 comparison between baseline scores and scores after the periods with and without compression for the nVPQOl, dizziness, 
and cIVIQ questionnaires

Variables Baseline (B),  
mean (SD)

Without compression (NC),  
mean (SD),  
change from B (Δ)

With compression (C),  
mean (SD),  
change from B (Δ)

Comparison

B/NC, 
P-value

B/C,  
P-value

NC/C, 
P-value

NVPQOL
Physical 36.65 (12.5) 29.36 (12.69), Δ: −7.29 24.29 (11.78), Δ: −12.36 0.001 0.001 0.001
Fatigue 16.89 (6.45) 13.84 (6.30), Δ: −3.04 11.43 (6.20), Δ: −5.46 0.001 0.001 0.001
emotions 25.14 (10.01) 20.74 (10.03), Δ: −4.40 18.36 (10.53), Δ: −6.78 0.001 0.001 0.006
limitations 39.28 (16.64) 32.33 (16.27), Δ: −5.95 27.21 (16.30), Δ: −12.16 0.001 0.001 0.001
Total 117.96 (43.66) 96.28 (43.26), Δ: −21.68 81.29 (43.76), Δ: −36.67 0.001 0.001 0.001
Dizziness
Dizziness 12.91 (6.51) 12.47 (5.90), Δ: −0.44 9.69 (4.25), Δ: −3.22 0.55 0.001 0.001
CIVIQ
Pain 11.75 (17.87) 13.38 (19.06), Δ: +1.63 5.71 (9.39), Δ: −6.03 0.46 0.006 0.001
Physical 10.02 (16.60) 11.73 (17.08), Δ: +1.71 6.9 (10.84), Δ: −3.13 0.43 0.14 0.018
social 8.91 (15.04) 7.89 (13.14), Δ: −1.02 7.04 (12.85), Δ: −1.87 0.59 0.40 0.75
Psychological 25.45 (16.03) 26.8 (15.9), Δ: +1.35 19.65 (14.42), Δ: −5.81 0.27 0.008 0.001
Total 16.72 (14.80) 18.11 (14.49), Δ: +1.39 12.26 (9.90), Δ: −4.46 0.37 0.013 0.001

Abbreviations: cIVIQ, chronic Venous Disease Quality of life questionnaire; nVPQOl, nausea and Vomiting in Pregnancy Quality of life questionnaire; sD, standard 
deviation.

Figure 2 changes in nVPQOl score over time.
Notes: Dashed line represents a reported value for women with nVP.18 “First” 
refers to the group who wore the compression stockings during the first 2 weeks 
of the 4-week study. “second” refers to the group who wore the compression 
stockings during the final 2 weeks of the 4-week study.
Abbreviations: nVP, nausea and vomiting in early pregnancy; nVPQOl, nausea 
and Vomiting in Pregnancy Quality of life questionnaire.
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Neither skin lesions nor alterations were reported, as 

assessed by physical examination, nor were any concerns 

expressed that caused participants to stop wearing the 

stockings.

Discussion
The results of this study indicate that wearing compression 

stockings for a 2-week period in early pregnancy signifi-

cantly improved self-reported NVPQOL and all NVP-related 

parameters; dizziness; and leg-related QoL, pain and physical 

and psychological parameters. To our knowledge, this is the 

first study to evaluate the role of compression stockings in 

nausea and vomiting-associated symptoms and dizziness in 

early pregnancy. The first author was prompted to conduct 

this study following her own personal experience and con-

sultations with previous patients.

Previous assessments of normal values for NVP and 

PUQE scores reported that the most severe NVP symptoms 

were observed between weeks 12–1619 or 10–1423 of preg-

nancy. As this study recruited women between gestational 

weeks 8 and 14, most participants would have experienced 

peak symptoms during the 4-week study. Participants 

were randomized into two groups with different treatment 

sequences in order to make allowance for the effect of a natu-

ral reduction in NVP symptoms as pregnancy progresses.

NVP-related QoL, as assessed by the NVPQOL ques-

tionnaire, improved significantly during both study periods 

(with and without compression). The natural evolution of 

symptoms over time explains the improvement from baseline 

following no compression. However, the crossover design of 

this study compensates for the effect of this natural evolution, 

and the results show that compression resulted in a greater 

improvement than no compression. When participants were 

categorized as above or below median with respect to their 

baseline NVPQOL score, the effect of compression was the 

same (data not shown), confirming that even women with 

mild emesis did benefit from compression. Although the 

degree of change in NVPQOL score that corresponds to 

“clinically significant improvement” is not yet established, it 

is clear from the results that compression gave rise to greater 

improvements than no compression.

Our study excluded women without any symptoms and 

those with very severe symptoms. The PUQE mean value 

calculated by Lacasse et al was based on a nonselected 

population, which may have included women with NVP 

symptoms at either end of the scale.21 In contrast, our study 

focused on a clinically important group of women, whose 

experience of NVP affects their QoL, but whose symptoms 

do not require acute medical intervention.

Pharmacologic intervention studies using the PUQE 

questionnaire start with higher PUQE scores, as medication 

should only be given in hyperemesis gravidarum. In one 

study, median PUQE score at baseline was 9.0 points in 

the group that received a delayed-release combination of 

doxylamine succinate 10 mg and pyridoxine hydrochlo-

ride 10 mg, and 8.8 points in the placebo group.22 Mean 

reductions were 4.8 points with intervention and 3.9 points 

with placebo (a difference of 0.9 points between the two 

groups; the total PUQE scores were not reported). To report 

results in a comparable population, we considered only the 

22 patients with a PUQE score 6 points (ie, moderate or 

severe NVP) at baseline. Mean total PUQE score of these 

Table 3 Mean value of PUQe scores over the last 7 days of each period

Variables N PUQE scores without  
compression, mean (SD)

PUQE scores with  
compression, mean (SD)

P-value

nausea 58 2.48 (1.06) 2.13 (1.16) 0.018
Vomiting 58 1.31 (0.59) 1.32 (0.69) 0.78
retching 58 1.75 (0.94) 1.5 (0.84) 0.036
circulatory disturbance 58 2.05 (0.93) 1.73 (0.79) 0.010
PUQe total score 58 5.52 (2.18) 4.94 (2.33) 0.042

Abbreviations: N, total number of patients; PUQE, Pregnancy-Unique Quantification of Emesis and Nausea; SD, standard deviation.

Table 4 PUQe total scores without and with compression according to severity of PUQe total score without compression

Group score  
at baseline

PUQE total score P-value

Without compression,  
mean (SD)

With compression,  
mean (SD)

PUQe score 6, n=36 4.11 (0.80) 4.15 (1.36) 0.885
PUQe score 6, n=21 7.81 (1.72) 6.24 (2.98) 0.014

Abbreviations: n, number of patients; PUQE, Pregnancy-Unique Quantification of Emesis and Nausea; SD, standard deviation.
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patients was 7.8 points without compression and 6.2 points 

with compression (a difference of 1.6 points; P=0.014), indi-

cating that the difference between compression and placebo 

in these patients was at least equal to that observed following 

the use of medication.

The results of this study show that the strongest impact 

of compression was on circulatory disturbances. The impact 

on QoL of venous leg symptoms, assessed using the CIVIQ 

questionnaire, increased slightly during the period without 

compression. In contrast, a significant reduction in total 

CIVIQ symptoms was reported in the group with compres-

sion. The results of the present study are consistent with 

those of Allegra et al,17 who measured the effect of wearing 

stockings on the functional symptoms of venous disease in 

the pregnant women over a period of 6 months and reported 

a reduction in the impact on QoL of leg symptoms. The 

women in the previous study had baseline global CIVIQ 

scores of 36.6±15.6 (those who refused to wear stockings) 

and 47.8±15.7 (those who agreed to wear them); therefore, 

at baseline the impact on their QoL was much greater than 

that reported by our patients (baseline score 16.7±14.8; this 

smaller baseline score should be viewed within the context 

that none of the patients were suffering from venous disease, 

as it was an exclusion criterion). Changes in the CIVIQ score 

after 6 months were −13.5±9.6 in women who wore the 

stockings every day, −10.7±11.3 in those who wore them at 

least once every 2 days, and +3.3±9.4 in those who did not 

wear them (P0.0001),17 compared with −4.5 in our patients 

during compression and +1.4 in our patients during the period 

without compression after 2 weeks. The lower changes in our 

study should be viewed within the context of the absence of 

venous disease and short duration of compression.

Circulatory disturbance, recorded with four new ques-

tions relating specifically to dizziness, was the only item 

showing a clearly ascending course, indicating worsening 

symptoms, during the period without compression. Compres-

sion had a favorable effect on these symptoms.

The effect of pregnancy on the gastrointestinal tract is 

well established.5,6 Hypotheses regarding the cause of NVP 

have focused on the role of female pregnancy hormones on 

smooth muscles, as summarized in a review of the literature 

on hyperemesis gravidarum.24 Deep calf veins are a venous 

reservoir with walls of smooth muscle. Hormonal changes in 

early pregnancy also act on the smooth muscles of the vascu-

lature and are, hence, linked with conditions, such as varicose 

veins and venous thromboembolism. The impact of compres-

sion stockings on heart rate following standing up from a 

lying position in the third trimester of gestation25 might help 

to explain the compression-related improvement in dizziness, 

particularly in the first trimester of pregnancy. Furthermore, 

compression reduces the volume of blood remaining in the 

calf veins,26 possibly improving brain perfusion.27 This finding 

might offer an explanation for the reported reduction in dizzi-

ness observed in the present study and might also indirectly 

influence the feeling of nausea. However, these explanations 

are speculative, and the mechanism whereby compression 

improves symptoms is currently unknown.

The majority of participants in the present study reported 

that wearing stockings helped to alleviate the symptoms of 

NVP or heavy legs, that they would continue wearing the 

stockings after the study, and that they would recommend 

the stockings to others.

Limitations
A potential limitation of the present study is the fact that it 

was not possible to blind either the participants or investiga-

tors to the wearing of stockings in this crossover trial. As with 

any open study, the potential for bias due to the placebo 

effect is considerable, particularly as the main endpoints were 

self-reported. QoL assessments are by nature subjective; the 

instruments chosen for assessing QoL, validated question-

naires, were the best available option. Finally, as the patient-

reported compliance with compression therapy was 100%, 

in this study, the beneficial effects may not be fully realized 

in real-world use, where patients are less likely to be fully 

compliant. However, real-life compliance may well be very 

high if patients notice that wearing stockings improves their 

symptoms, and as the stockings are needed only for a limited 

period. The promising results of the present study warrant 

further investigation in a larger randomized trial, especially 

considering that compression stockings have no known 

adverse effect on the unborn child or the mother. No other 

factors, apart from the wearing of compression stockings, 

could be identified to explain the observed results.

Conclusion
In this study, compression stockings reduced symptoms 

of nausea and vomiting, and could be a nonpharmaceuti-

cal instrument to alleviate these symptoms if confirmed in 

further studies.
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Table S2 Validated and modified PUQE questionnaire

Pregnancy-Unique Quantification of Emesis and Nausea 
Index

circle the answer that best suits your situation for the last 12 hours

1. In the last 12 hours, for how long have you felt nauseated or sick 
to your stomach?

not at all 1 hr 2–3 hr 4–6 hr 6 hr

(1) (2) (3) (4) (5)

2. In the last 12 hours, have you vomited or thrown up?

7 times 5–6 times 3–4 times 1–2 times I did not throw 
up

(5) (4) (3) (2) (1)

3. In the last 12 hours, how many times have you had retching or dry 
heaves without bringing anything up?

none 1–2 times 3–4 times 5–6 times 7 times

(1) (2) (3) (4) (5)

Notes: Total score (sum of replies to 1, 2, and 3): mild nVP, 6; moderate 
nVP, 7–12; severe nVP, 13. reprinted from Am J Obstet Gynecol, 186, Koren g,  
Boskovich r, Hard M, Maltepe c, navioz Y, einarson a, Motherisk-PUQe 
(pregnancy-unique quantification of emesis and nausea) scoring system for nausea 
and vomiting of pregnancy, s228–31, 2002, with permission from elsevier. copyright 
© 2002 Published by Mosby, Inc.2

Abbreviation: nVP, nausea and vomiting in early pregnancy.

Table S3 Questions to be answered at study end

Did the compression stockings help against nausea and vomiting?

Did the compression stockings help against heavy legs?

Would you go on wearing the compression stockings during your 
pregnancy?

Would you recommend wearing compression during pregnancy?

Note: Participants answered the above questions and graded their answers using a 
7-point likert scale, where 1 was “not at all” and 7 was “always”.

Supplementary materials

Table S1 Validated nVPQOl questionnaire

Factor/domain Items for inclusion

Physical symptoms/ 
aggravating factors

nausea
sick to your stomach
Vomiting
Dry heaves
Poor appetite
symptoms worse in evening
not eaten for longer than you would like
Worse when exposed to certain smells
Worse when exposed to certain foods

Fatigue Fatigue
Worn out, lack of energy
exhausted
Tired

emotions emotional
less interested in sex
Downhearted, blue, sad, unhappy, depressed, 
gloomy
Frustrated
Fed up with being sick
reassured that your symptoms are part of 
normal pregnancy
can’t enjoy your pregnancy

limitations everything is an effort
accomplished less than you would like
Took longer to get things done than usual
Difficult or took extra effort to perform, and/
or limited in types of work/other activities
Difficulty maintaining your normal social 
activities with family, friends, neighbors, or 
social groups
rely on your partner to do things that you 
would normally do for family
Difficulty looking after home
Difficulty shopping for food
Difficulty preparing or cooking meals
cut down on amount of time you spent at 
work/other activities

Notes: respondents rate the occurrence of each item using a likert 7-point scale 
ranging from 1 (none of the time) to 7 (all of the time). (The item “reassured that 
your symptoms are part of normal pregnancy” is reversed.) The total score is the 
sum of the 30 items and is between 30 and 210. lower scores correspond to better 
Qol. reprinted from J Obstet Gynecol, 186(5 suppl Understanding), Magee la, 
chandra K, Mazzotta P, stewart D, Koren g, guyatt gH, Development of a health-
related quality of life instrument for nausea and vomiting of pregnancy, s232–8, 
2002, with permission from elsevier. copyright © 2002 Published by Mosby, Inc.1

Abbreviations: nVPQOl, nausea and Vomiting in Pregnancy quality of life; 
QOl, Quality of life.
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Figure S1 Mean scores for dizziness at baseline and after each study period.
Notes: “First” refers to the group who wore the compression stockings during the first 2 weeks of the 4-week study. “Second” refers to the group who wore the 
compression stockings during the final 2 weeks of the 4-week study.

Table S4 Power analysis

Measurement Reduction with  
stockings (n=17)

Effect size dz,  
(mean/SD)

n needed

Power =0.8 Power =0.9

nVPQOl 10.18±19.41 0.52 31 41

cIVIQ 3.24±6.07 0.53 30 39

Dizziness 3.47±4.64 0.75 17 21

PUQe 0.33±1.05 0.33 91 112

Notes: Power analysis with g*Power version 3.1.7 based on an unpublished crossover pilot study. For nVPQOl and cIVIQ the numbers needed were 31 and 30 patients, 
respectively, with a power of 80%, and 41 and 39 patients with a power of 90%. as estimations were based on a small sample, the number of enrolled subjects was increased 
to 60.
Abbreviations: cIVIQ, chronic Venous Disease Quality of life questionnaire; dz, cohen’s dz (effect size indicator for paired student’s t-tests); n, number of patients; 
NVPQOL, Nausea and Vomiting in Pregnancy Quality of Life questionnaire; PUQE, Pregnancy-Unique Quantification of Emesis and Nausea; SD, standard deviation.

Figure S2 PUQe scores over time.
Notes: The black dashed line represents a reported value for women with nVP.3 “First” refers to the group who wore the compression stockings during the first 2 weeks 
of the 4-week study. “Second” refers to the group who wore the compression stockings during the final 2 weeks of the 4-week study.
Abbreviations: NVP, nausea and vomiting in early pregnancy; PUQE, Pregnancy-Unique Quantification of Emesis and Nausea.
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