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Background & aims: Longitudinal measurements of raw bioelectrical impedance analysis (BIA) parameters suggested a worsening
of the nutritional status in obese patients during weight loss after
bariatric surgery. The effects of weight reduction through dietary
intervention on raw BIA parameters is rarely described.
Methods: A retrospective observational study was conducted on
obese patients who were in a weight-loss program. Dietary
counseling, exercise, and lifestyle modiﬁcation were suggested as
the main approach to lose weight. Then longitudinal follow-up
visits were scheduled every 1e3 months for up to 2 years. On
each visit, body weight, waist, and hip circumferences were
recorded along with BIA measurements. Repeated measures correlation (rrm) was used to assess the relationship between BIAderived impedance and body weight.
Results: A total of 116 obese patients were recruited. Participants
had lost their weight from 113.47 ± 26.73 kg at the ﬁrst visit to
103.69 ± 23.97 kg at the last visit (P < 0.001). A signiﬁcant decrease
of percentage of body fat was observed by 3.30 ± 4.33% from
baseline. Total body water and fat-free mass were also signiﬁcantly
decreased. There was an increase in impedance from
483.55 ± 78.38 ohm at baseline to 496.11 ± 82.30 ohm at the last
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Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; FFM, fat-free mass; FFMI, fat-free mass index;
FM, fat mass; IQR, interquartile range; rrm, repeated measures correlation; SD, standard deviation; TBW, total body water.
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visit (P < 0.001). The rrm between impedance and body weight was
0.31 (95% CI 0.37 to 0.25, P < 0.001).
Conclusions: Impedance had a signiﬁcant negative correlation on
body weight in obese patients during intentional weight loss,
which might be due to decreased total body water and fat-free
mass. Further study is required to explore the clinical meaning of
these changes.
© 2022 The Authors. Published by Elsevier Ltd on behalf of
European Society for Clinical Nutrition and Metabolism. This is an
open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Bioelectrical impedance analysis (BIA) is a method used to quantitate body composition by applying
low-voltage electrical current through the body, in order to differentiate the body into compartments
according to their electrical properties. Currently, BIA is a practical tool recommended for body
composition assessment in various settings, including obesity [1]. However, the body composition
measurement by BIA also has limitations in regards to obese subjects, particularly for those whose
body mass index (BMI) beyond 34 kg/m2 [2]. An extreme percentage of body fat can ruin the validity of
BIA regression equation which was developed from healthy subjects, hence further validation on
obesity as a subgroup is still required.
Despite these limitations, BIA continues to provide interesting results from its raw parameters. BIA
measurement yields raw electrical properties from the body including resistance, reactance, impedance, and phase angle. These raw parameters are measured directly from the body without any
regression equations applied, hence they can be used in conditions where BIA assumptions on body
composition analysis are not valid [3]. Many studies have explored the clinical values of raw BIA parameters and found that they can be used to assess tissue hydration status, cell membrane function,
nutritional status, and even prognosis [4e8]. Regarding obesity, raw BIA parameters have been studied
widely and shown to have some correlations with various clinical aspects e.g. physical ﬁtness [9],
prediction of degree of weight loss after bariatric surgery [10], and inﬂammation [11].
The prevalence of obesity has been increasing globally for decades [12]. Obviously, weight reduction
is a key treatment for it. Clinical practice guidelines have recommended evidence-based weight loss
interventions such as lifestyle modiﬁcation, behavioral and cognitive therapy, pharmacotherapy, and
bariatric surgery [13]. There is also an increasing number of obese patients who have received bariatric
surgery for weight reduction [14]. The amount of weight loss after a bariatric surgery is substantial and
durable enough to bring about the resolution of obesity-related diseases in many cases [15e17]. On the
other hand, rapid weight loss after bariatric surgery can lead to concerns regarding nutritional health.
Studies on body composition changes after bariatric surgery showed a signiﬁcant amount of fat-free
mass (FFM) loss and a worsening of raw BIA parameters that might reﬂect malnutrition [18,19].
While longitudinal changes of raw BIA parameters during weight loss after bariatric surgery are well
described [19], the effect of dietary intervention and lifestyle modiﬁcation on these parameters in
obesity is rarely documented. Therefore, the primary objective of this study was to determine the
change of BIA-derived impedance and correlation between impedance and body weight during
intentional weight loss by lifestyle modiﬁcation for obesity.
Materials & methods
A retrospective observational study was performed on obese patients at an obesity clinic, outpatient
department, Srinagarind hospital, Khon Kaen University, Thailand. Medical records of the patients in
the obesity clinic who had visits between January 1, 2015 and December 31, 2019 were reviewed.
According to inclusion criteria, subjects were age  18 years, body mass index (before weight
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reduction)  30 kg/m2, and had longitudinal measurement of body weight and impedance  2 measurements by the same BIA device. As we were interested in the effect of weight reduction by lifestyle
intervention, the patients who were prescribed anti-obesity drugs or underwent bariatric surgery were
excluded. Also, patients with a serious comorbidity that might inﬂuence weight loss (e.g. liver cirrhosis,
chronic kidney disease of more than stage 3, end stage renal disease with or without renal replacement
therapy, chronic heart failure, active cancer, autoimmune disease, HIV infection) were not recruited.
The study protocol was approved by the Khon Kaen University Ethics Committee for Human Research.
Our obesity clinic provided comprehensive clinical evaluation, counseling, and treatment for weight
reduction. Physicians specialized in clinical nutrition evaluated patients for severity of obesity and
comorbidities related to it. They also provided individualized counseling on diet control and lifestyle
modiﬁcation for weight reduction. Nutritional management was mainly based on a balanced-diet
pattern, and caloric restriction emphasizing on adequate protein intake. Physical activity was
encouraged according to standard recommendations [13,20,21]. Obesity-related complications were
screened as indicated and treated if needed. A registered dietitian was available for provision of dietary
programs according to the physician's suggestion. Patients were scheduled to revisit the clinic at intervals of 1e3 months depending on physician and patient's agreement. Anthropometric measurements and body composition analysis were measured and recorded during each visit. Waist and hip
circumference were measured in centimeters using a measuring tape. Height was measured in centimeters using a stadiometer.
For BIA measurement, patients were asked to wear only light clothing and remove all the metallic
accessories before stepping on a single, non-phase sensitive, 50 kHz-frequency, 8-electrodes BIA device
with a built-in weighing scale (Tanita® Body Composition Analyzer BC-418, Japan). Data input included
patient's age, sex, and height. Weight of clothing was set at 0.3 kg. Patients were asked to step on the
device in cleaned bare feet, place their feet on the right and left feet-electrodes, grasp the electrode
grips in their hands ﬁrmly while standing on the device, separated their arms from their trunk until the
measurement ﬁnished. The data obtained from BIA device were body weight, percentage of body fat,
fat mass (FM), fat-free mass (FFM), total body water (TBW), and impedance. Impedance-height ratio
was calculated by impedance divided by height in meter. The measurement was performed around the
same time of the day in every visit, 1.00e2.00 PM, as it was the beginning of operating hour of our
clinic.
Statistical analyses
Demographic data were analyzed using descriptive statistics. Categorical variables were presented
as numbers and percentages. Continuous variables were expressed in mean and standard deviation
(SD) or median and interquartile range (IQR) where appropriate. Anthropometric and BIA parameters
of the ﬁrst visit and that of the last visit were compared using paired t-tests. Correlation between
impedance and body weight of each visit were assessed by repeated measures correlation (rrm),
stratiﬁed by sex, pre-deﬁned age group (age < 60 and 60), and the presence of comorbidities. We used
R program and SPSS Version 26.0 to analyze this dataset. P value < 0.05 was considered statistically
signiﬁcant.
Sample size
Sample size was calculated based on a formula for correlation sample size. We used a as 0.05, b as
0.100, and we assumed that impedance and body weight have a weak to moderate correlation (r ¼ 0.4).
The adequate sample size was 62.
Results
There were 184 patients who had at least 2 BIA records during the study period. Sixty-eight patients
were excluded by our exclusion criteria. A total of 116 participants were recruited, 66 (56.9%) were
females and 50 (44.1%) were males, who contributed to a total of 1009 visits. A mean age of participants
was 38.92 ± 15.02 years old. The averages of weight and BMI at ﬁrst visit were 113.47 ± 26.73 kg and
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42.09 ± 8.12 kg/m2 respectively. Median (IQR) of the follow-up period was 12 (6e23) months with a
median (IQR) of 7 (4e11) visits. The prevalence of obesity-related comorbidities among participants
were described in Table 1.
The anthropometric measurements and the BIA results of the ﬁrst and the last visit were shown in
Table 2. After lifestyle modiﬁcation, patient body weights of their last visit were signiﬁcantly less than
that of their ﬁrst visit (103.69 ± 23.97 kg versus 113.47 ± 26.73 kg respectively, P < 0.001). Mean of
weight loss was 9.78 ± 11.78 kg. Waist and hip circumferences showed a signiﬁcant decrease
accordingly, 8.03 ± 9.16 and 6.54 ± 7.70 cm respectively. Body composition analyses revealed signiﬁcant decrease in FM, FFM, and TBW where the biggest change was seen in FM, 7.99 ± 9.85 kg,
followed by FFM, 1.98 ± 3.72 kg, and TBW, 1.39 ± 5.02 kg respectively. A signiﬁcant decrease of
percentage of body fat was observed by 3.30 ± 4.33% from baseline.
Mean impedance and impedance-height ratio were 483.55 ± 78.38 ohm and 297.34 ± 5.26 ohm/m
respectively at baseline. In the last visit, there were signiﬁcant increases of both impedance and
impedance-height ratio (496.11 ± 82.30 ohm and 305.11 ± 5.52 ohm/m respectively, P < 0.001 for both
as compared to their baselines) (Table 2). Repeated measures correlation (rrm) between impedance and
body weight was 0.31 (95% CI 0.37 to 0.25, P < 0.001) (Table 3, Figure 1A). The rrm between
impedance-height ratio and body weight was 0.30 (95%CI 0.36 to 0.24, P < 0.001) (Table 4,
Figure 1B). Subgroup analyses showed that impedance and impedance-height ratio had signiﬁcant
correlations with body weight across sex, age, and the presence or absence of underlying disease
(Tables 3 and 4). The rrm was more prominent in the elderly subgroup (age  60) than the other groups
(rrm 0.47 (95%CI 0.64 to 0.26, P < 0.001) for impedance and 0.47 (95%CI 0.64 to 0.26,
P < 0.001) for impedance-height ratio. The weaker rrm between impedance, impedance-height ratio,
and body weight was observed among the participants without any underlying diseases (rrm 0.24,
95%CI 0.34 to 0.13, P < 0.001, for impedance and 0.23, 95%CI 0.34 to 0.12, P < 0.001, for
impedance-height ratio).
Discussion
The beneﬁts of weight reduction through dietary intervention on obesity have been well established
[22e25]. Lifestyle and behavioral interventions are recommended as the ﬁrst line therapy for weight
reduction in obesity(20). Obese patients should be encouraged to lose at least 5e10% of their body weight

Table 1
Baseline characteristics
Variables

All (N ¼ 116)

Age-year (mean ± SD)
Female-n (%)
Body weight-kg (mean ± SD)
Height-m (mean ± SD)
BMI-kg/m2 (mean ± SD)
Number of visits (median, IQR)
Follow-up interval-days (median, IQR)
Duration of follow-up-months (median, IQR)
Comorbidities- n(%)
 Obstructive sleep apnea
 Hypertension
 Non-alcoholic steatohepatitis
 Diabetes mellitus type 2
 Dyslipidemia
 Gastroesophageal reﬂux disease
 Obesity hypoventilation syndromes
 Polycystic ovary syndrome
 Othersa
 None

38.92 ± 15.02
66 (56.90)
113.47 ± 26.73
1.64 ± 0.10
42.09 ± 8.12
7 (4e11)
42 (35e63)
12 (6e23)

SD standard deviation, IQR interquartile range.
a
Stroke, atrial ﬁbrillation, peripheral arterial disease, osteoarthritis.
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30 (25.86)
22 (18.97)
16 (13.79)
12 (10.34)
10 (8.62)
8 (6.90)
7 (6.03)
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43 (37.07)
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Table 2
Comparison of anthropometric and BIA parameters between ﬁrst and last visit

Anthropometry
 Body weight (kg), mean ± SD
 Waist circumference (cm), mean ± SD
 Hip circumference (cm), mean ± SD
BIA parameters
 Percentage of body fat (%), mean ± SD
 Fat mass (kg), mean ± SD
 Fat-free mass (kg), mean ± SD
 Total body water (kg), mean ± SD
 Impedance (ohm), mean ± SD
 Impedance-height ratio (ohm/m), mean ± SD

First visit

Last visit

Change after weight loss

P-valuea

113.47 ± 26.73
118.45 ± 1.47
128.00 ± 1.47

103.69 ± 23.97
110.42 ± 1.40
121.46 ± 1.35

9.78 ± 11.78
8.03 ± 9.16
6.54 ± 7.70

<0.001
<0.001
<0.001

47.56 ± 0.92
54.24 ± 1.69
59.23 ± 1.62
44.54 ± 1.14
483.55 ± 78.38
297.34 ± 5.26

44.26 ± 0.93
46.25 ± 1.51
57.25 ± 1.50
43.13 ± 1.09
496.11 ± 82.30
305.11 ± 5.52

3.30 ± 4.33
7.99 ± 9.85
1.98 ± 3.72
1.39 ± 5.02
12.56 ± 36.65
7.74 ± 24.59

<0.001
<0.001
<0.001
0.003
<0.001
<0.001

SD standard deviation.
a
First visit versus last visit by paired t-test.

Table 3
Repeated measures correlation between impedance and body weight stratiﬁed by sex and age group
Group

rrm (95% CI)

P-value

All (N ¼ 116)
Subgroup by sex
 Female (N ¼ 66)
 Male (N ¼ 50)
Subgroup by age group
 Age < 60 (N ¼ 105)
 Age  60 (N ¼ 11)
Subgroup by presence of comorbidities
 Presence (N ¼ 73)
 Absence (N ¼ 43)

0.31 (0.37, 0.25)

<0.001

0.31 (0.38, 0.26)
0.32 (0.41, 0.23)

<0.001
<0.001

0.31 (0.37, 0.25)
0.47 (0.64, 0.26)

<0.001
<0.001

0.34 (0.41, 0.27)
0.24 (0.34, 0.13)

<0.001
<0.001

rrm repeated measure correlation, CI conﬁdence interval.

Figure 1. Repeated measures correlations between A. impedance and body weight, and B. impedance-height ratio and body weight.
Each dot represents each measurement, and the same color indicates the measurements from the same patient.
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Table 4
Repeated measures correlation between impedance-height ratio and body weight stratiﬁed by sex and age group
Group

rrm (95% CI)

P-value

All (N ¼ 116)
Subgroup by sex
 Female (N ¼ 66)
 Male (N ¼ 50)
Subgroup by age group
 Age < 60 (N ¼ 105)
 Age  60 (N ¼ 11)
Subgroup by presence of comorbidities
 Presence (N ¼ 73)
 Absence (N ¼ 43)

0.30 (0.36, 0.24)

<0.001

0.31 (0.38, 0.23)
0.32 (0.41, 0.23)

<0.001
<0.001

0.31 (0.37, 0.24)
0.47 (0.64, 0.26)

<0.001
<0.001

0.34 (0.41, 0.26)
0.23 (0.34, 0.12)

<0.001
<0.001

rrm repeated measure correlation, CI conﬁdence interval.

by aiming at an improvement of their metabolic risks and obesity-related complications [1,13,20,23]. The
patients in our study lost signiﬁcant weight as shown during their follow-up period. The average weight
loss was about 8% from their initial body weight (data not shown). Despite the large bias and wide limits
of agreement in cross-sectional body composition assessment by a single-frequency BIA have been reported in obese subjects, in terms of measuring changes during weight loss, it provided accurate assessments, with little bias and narrow limits of agreement [26,27]. The body composition results in our
study showed that the loss of body weight was mainly attributed by the loss of FM. Therefore, the health
beneﬁts from intentional weight loss were anticipated in our participants. We expected to see the
improvement of their health status after weight reduction as quantiﬁed by impedance-derived BIA.
Longitudinal measurement of BIA in our participants showed that impedance and impedanceheight ratio increased signiﬁcantly after weight reduction. Brunani et al. performed BIA measurement in patients with various degree of obesity and found signiﬁcant a decrease in resistance, reactance, and therefore impedance, as BMI increased beyond 30 kg/m2 [28]. So we speculated that the
increment of impedance seen after weight reduction might be a change toward a healthier status.
As impedance is a vector addition between reactance and resistance obtained from the BIA measurement, the increment of impedance can be either caused by increase of resistance or increase of
reactance, or both. According to the cylinder model for the relationship between resistance and any
geometric forms, the increase of resistance can be caused by a decrease of the cross-sectional area [29].
To relate this with weight the reduction process, the increase in resistance might reﬂect the decrease of
limb or truncal cross-sectional area from weight loss, i.e. decrease of mid-arm or waist circumference.
The other reason for the increase of resistance might be due to loss of TBW and FFM accompanied
weight loss [30]. We also found signiﬁcant decreases of TBW and FFM in our study as well (Table 2). The
worsening of lean body mass during weight reduction was described in other studies as well, particularly in those with substantial weight loss e.g. post bariatric patients [10,15]. Considering obesity as a
state of inﬂammation [31], weight reduction by lifestyle modiﬁcation can lead to a measurably lesser
degree of inﬂammation [32,33], improve integrity of cell membrane [34], which could result in an
increase of reactance and,therefore, impedance is increased.
From repeated measures correlation analyses, we observed a weak to moderate degree, yet signiﬁcant, of negative correlation between impedance and body weight in obesity patients during
intentional weight loss. A similar correlation was also found with impedance-height ratio. Subgroup
analyses showed that the correlation between body weight and impedance was more prominent in the
elderly group than in the non-elderly. This ﬁnding might support that TBW and FFM losses are the
explanation behind the increase of impedance. The studies in elderly showed that the higher impedances were found among sarcopenic older adults as compared to their non-sarcopenic counterpart
[35,36]. We found that the correlation between body weight and impedance was stronger in those with
underlying disease(s) than those without. We had 2 hypotheses for this ﬁnding. First, the group with
comorbidities were older than those without comorbidity so that they suffered from loss of FFM during
weight loss as we discussed above regarding the elderly subgroup. Second, this ﬁnding pointed out that
impedance change during weight loss was inﬂuenced by the presence of disease(s). Weight reduction
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might lead to improvement of diseases, lessen inﬂammation, which helps to restore cell membrane
integrity, increase reactance, and hence impedance.
Other studies with sequential BIA measurements in obese subjects during weight loss showed that
the direction of changes in BIA parameters might depend on how the patients lost their weight. Many
studies in post bariatric patients found that BIA-derived phase angle decreased by 11e20% after weight
loss [15,37e39]. Some authors proposed that this ﬁnding might indicate a worsening of nutritional
status [30,37]. On the other hand, the patients who lost their weight by nonsurgical intervention
showed an increase of phase angle and changes of some body composition parameters that might point
to a better nutritional status [30]. The clinical meanings of the changes in raw BIA parameters might
depend not only on the direction of their changes but also the clinical setting. In critically ill patients,
the increase of impedance was reported to relate with lower severity, clinical improvement, and lower
mortality [6,8]. The higher impedance in the elderly was associated with sarcopenia [36]. Our study has
proved that the change of BIA-derived body impedance after weight reduction by lifestyle modiﬁcation
is signiﬁcant. We postulated that the increase of impedance might indicate a healthier status in this
setting. If it does, BIA measurement will be a potential point-of-care testing to distinguish between
healthy weight loss and weight-losing associated with malnutrition. However, at this point of time,
further study is needed before we can propose its clinical value in practice.
The strength of our study is the long follow-up period, up to 2 years, with more than one thousand
BIA records. However, there are some limitations in our study. Firstly, we did not assess the compliance
of the diet and exercise regimen in our participants during the follow-up period. Secondly, we did not
assess body composition change by the gold standard method, such as dual-energy X-ray absorptiometry (DXA). An over-estimation of lean mass was reported when applying BIA in an obese population [40,41]. Due to a retrospective design, we did not plan for a regular calibration of the BIA device
during data collection process. The standardization of BIA results among different devices is still
debated. Hence, we could not make a strong conclusion that the increase of impedance during weight
loss was driven by changes in body composition. Thirdly, the BIA-derived resistance, reactance, phase
angle and bioelectrical impedance vector analysis (BIVA), the commonly used BIA parameters to
indicate a healthy status and its change, were not reported by the device we used at that time when
data were collected.
Conclusion
There was a correlation between impedance and body weight. We reported a signiﬁcant increase of
impedance during intentional weight loss in obese patients. Further study is required to explore the
clinical meaning of these changes.
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