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Abstract
Background: Previous studies revealed that larger liposuction volumes were related to an increased risk
of complications. However, no concrete data exist to support the most critical factor which affects the
liposuction volume in the waist and abdominal area. This study was undertaken to investigate the
relationship between the anthropometric measurements and lipoaspirate volume.

Methods: The present study was a single-center retrospective study. 742 patients who met the inclusion
and exclusion criteria in our hospital, from January 2001 to August 2020, were reviewed. Spearman
correlation analyses and multivariable regressions were used to assess the relationship between the
anthropometric measurements and lipoaspirate volume. Linear-by-linear association chi-square statistic
and Goodman-Kruskal gamma method were used to test the consistency and to develop a rank prediction
formula.

Results: A total of 742 patients aged 18-59 years old met the inclusion criteria. Among all the
anthropometric measurements, the highest correlation coe�cient was observed in waist circumference.
Subgroup analyses indicated that there was an interaction between the BMI and waist circumference on
liposuction volume. Formula was generated to estimate the range of liposuction volume based on the
nine grouped waist circumferences [liposuction volume (mean) = 106.3 waist circumference (mean) -
7497, P < 0.001, adjusted R2 = 0.9638].

Conclusions: Waist circumference was the most in�uential factor for lipoaspirate volume. Roughly
predicting the lipoaspirate volume allows surgeons to estimate their operating volume even if no
iconography machine is available during suction-assisted lipectomy. This can increase safety, potentially
decreasing the number of adverse events.

Introduction
Liposuction, as one of the most commonly performed cosmetic surgical procedures worldwide (1), has
been regarded as a viable procedure to improve human body shape and contour especially in female
individuals(2). For obese patients who received large-volume liposuction (LVL), in which a lot of
subcutaneous fat has been sucked out of the body, it could be also bene�cial to her/his health with
decreasing risk of cardiovascular disease, diabetes, hypertension and other obesity-related diseases.(3).

The volume of fat in aspirate removed by a single surgery is often used as one of the important reference
factors to assess the complexity and security of a liposuction procedure, and many adverse events have
been directly associated with the LVL, including necrotizing fasciitis, fat embolism and deep vein
thrombosis(4–11). More fat extraction always requires more in�ltrated tumescent �uids with higher
dosages of lidocaine and epinephrine, and longer operation time(12–16). Also, substantial hemodynamic
responses may occur in patients with LVL during the perioperative period, including an increase in mean
pulmonary arterial pressure, cardiac index, and heart rate(17, 18).
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So far, there have been no scienti�c data to support a speci�c volume maximum at which point
liposuction is considered unsafe(19). However, in response to the complications associated with
liposuction, safety restrictions or guidelines on lipoaspirate volume have been released by national health
administrative authorities or related professional societies. The American Society of Plastic Surgeons
(ASPS) de�nes large-volume liposuction as greater than 5000ml during a single procedure in
guidelines(20). In china, the liposuction volume is also being used as the basis of surgery grading for
liposuction in the catalogue of classi�cation Management issued by the Ministry of Health (21).

So, if the fat volume to be removed for a liposuction procedure can be accurately estimated
preoperatively, it will be very helpful to the doctor-patient communication, the formation of the surgical
strategy and the risk assessment of the potential complications.

In this study, a retrospective analysis of 742 cases in a single center was conducted to explore the
associations between the liposuction fat volume and preoperative clinical data including age, height,
weight, BMI, WC and WHtR, for the purpose to �nd out which one is the key factor closely related to the
amount of fat aspiration. In addition, we tried to establish a feasible scheme for predicting the amount of
fat in aspirate using the anthropometric measurements obtained before the operation.

We present the following article/case in accordance with the CONSORT reporting checklist.

Methods

Data collection
The clinical data of the consecutive patients met the inclusion and exclusion criteria from January 1st
2001 to August 30st 2020 at the Tangdu Hospital were reviewed. Inclusion criteria: (1) female patients,
aged 18 to 60 years old; (2) with negative pressure assisted liposuction in waist and abdomen, and the
surgery area was de�ned as: up to the plane of the inframammary folds, down to the inguinal folds and
with bilateral boundaries to left/right vertical line of the posterior axillary fold, as shown in Fig. 1.
Exclusion criteria: (1) secondary repair surgery; (2) simultaneously with other surgery; (3) with incomplete
data. 

Variables
The liposuctioned fat volume, age and preoperative anthropometric measurements of height, weight,
waist circumference were inputted into an Excel �le (Microsoft Excel 2010 software) according to the
medical records of each case. Body mass index (BMI) was calculated as weight in kilograms (kg) divided
by height in meters squared (m2) and waist-to-height ratio (WHtR) was calculated as WC (cm) divided by
height (cm). The value of WC was the circumference measured at the iliac crest level during the end of
natural exhalation and the beginning of inhalation (Fig. 2), and the fat volume was the amount of fat in
aspirates, still standing for at least 30 minutes after the end of liposuction. 

Statistical analyses
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First, clinical and demographic variables were tested for normal distribution by the Shapiro-Wilk test and
are presented as median and interquartile ranges. Second, relations between anthropometric
measurements and lipid volume were calculated using the spearman correlation coe�cient. Third, partial
correlations adjusted for weight, WHtR and BMI were applied to assess the relationship between the WC
and other variables. Fourth, multi regression models were used to compare different preoperative
measurements. Fifth, linear-by-linear association chi-square statistic was used to test linear correlation
trend between two ordinal categorical variables and Goodman-Kruskal gamma statistic was used to
measure the consistency. In the sensitivity analysis, we repeated analysis by (1) adjusting confounding
factors (2) different subgroup analysis (3) getting rid of the outliers (Table S1)

All patients signed the informed consent form,and the study was approved by the Ethics Committee of
Tangdu Hospital (No. K202103-05).

All analyses were performed by the statistical software packages R (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc., Boston, MA). P
values less than 0.05 (two-sided) were considered as statistically signi�cant.

Results

Descriptive analysis of the clinical data
All the 742 cases were female, ranged from 18 to 59 years, and the average age was 36.34 ± 8.73 years
old. Normality tests and descriptive statistics of age, height, weight, BMI, WC, WHtR and fat volume are
listed in Table 1. After the normality tests, we found that such variables as age, height, weight, WC, BMI,
WHtR and intraoperative liposuction volume were skewed distribution. The fat volume removed from the
waist and abdominal areas and other variables are shown by a distribution histogram in Figure 3. Fat
volume was not a normal distribution (KS test, P < 0.001) but a positively skewed distribution with the
long right-side tail, and the kurtosis and skewness were 2.759 and 1.431 respectively.

Correlations between fat volume, age and other
anthropometric measurements
All the data were skewed distribution, thus, the Spearman correlation coe�cients were used (Figure 4).
There was a weak correlation between liposuction volume and age (r = 0.150, p < 0.05), and there was no
correlation between fat absorption and height (r = 0.045, p > 0.05). Body weight, BMI and WHtR correlated
signi�cantly with liposuction volume (r = 0.608, 0.646 and 0.699, respectively, p < 0.05), while WC
displayed the strongest correlation (r = 0.705, p < 0.05), thus suggesting that the size of preoperative WC
may be the most important factor in determining liposuction volume, not BMI and WHtR. Based on that,
in order to ensure the robustness of the data, outliers were removed for analysis, and the results were
consistent with the above results (Table S2).
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Besides, there exhibited high correlations between BMI and weight (r = 0.897, P < 0.01), between BMI and
WC (r = 0.8, P<0.01), between BMI and WHtR (r = 0.820, P < 0.01), and between WC and WHtR (r = 0.928, P
< 0.01). The above cross correlation suggested that there may be a collinear relationship between these
preoperative measurements.

Partial correlations between preoperative measurements
and fat volume
Adjusted for WC, weight, BMI and WHtR, partial correlation analysis was performed to evaluate the
association between preoperative measurements and liposuction volume. As shown in Table 2. the
correlation coe�cients between all included variables and fat extraction declined to some extent, no
matter which variables were adjusted. In addition, when WC was adjusted, the correlation coe�cients
between such variables as body weight, BMI, WHtR and fat volume were most signi�cantly reduced, from
0.608 to 0.079, from 0.646 to 0.193, from 0.699 to 0.144, respectively, indicating that WC was the most
important factor in determining fat volume. Also, we got rid of the outliers and the same results were
found.

Multiple linear regression analysis
Multiple linear regression models were used to evaluate the association between WC and liposuction
volume. At the same time, the non-adjusted and adjusted models are shown in Table 3. In the crude
model, WC displayed signi�cant correlation with liposuction volume (β = 108.36, 95% CI: 101.35 to
115.38, P < 0.0001). In the minimally adjusted model (adjusted age), the effect size did not show obvious
changes (β = 110.32, 95% CI: 103.18 to 117.46, P < 0.0001). Nevertheless, after adjusting for other
covariates, we did not detect any connection in a fully adjusted model (β = 250.79, 95%CI: -126.12 to
627.70, P = 0.1926). To ensure the robustness of data analysis, we also handled WC as a categorical
variable (quintile) and found the same trend (p for the trend was 0.582).

Relationship between WC and fat volume in subgroup
analyses
Interactions with all covariates are presented in Figure 5. Subgroup analyses showed that the association
of WC with fat volume remained stable in different subgroups when grouped by age, height, weight, BMI,
WHtR. There was evidence for an interaction between WC and age (P for interaction = 0.0065). Besides,
the tests for interactions were statistically signi�cant for height, weight, BMI and WHtR with WC (P for
interaction < 0.05). The effect sizes of WC on fat volume showed signi�cant differences in diverse
degrees of obesity. Compared with normal BMI (<18.5) and lower BMI (18.5-24.0), the strongest effect
size between WC and fat volume was observed on higher BMI (> 24.0) (β = 111.28, 95% CI: 97.88 to
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124.69). Besides, WC was the most signi�cantly associated with fat volume in individuals who had a
higher WHtR (β = 114.21, 95% CI: 90.71 to 137.71).

Predicting total liposuction volume
Because there was severe collinearity between the included variables, it is impossible to provide a viable
equation for fat volume estimation. According to the amount of lipoaspirate, patients were divided into
three surgical grades: level 1 < 3000ml, level 2: 3000ml to 5000ml level 3 > 5000ml. In these 742 cases,
68.60% of the patients' fat absorption was less than 3000ml, 26.95% was between 3000ml and 5000ml,
and only 4.45% was greater than 5000ml, among which the maximum volume was 8300ml. The WC was
divided into nine consecutive groups with 5cm equidistance, and fat volume sucked out was classi�ed
into three grades to form a contingency table (Table 4). The linear correlation trend test was carried out
based on the two-way grade data (linear-by-linear association chi-square statistic, X2 = 535.282, df = 1 p
< 0.001). The results showed that there was a signi�cant linear correlation between WC group and fat
aspiration grade group.

The bubble diagram of waist circumference and fat volume within the group can be seen in the Figure 6.
The liposuction volume of small WC group (< 90cm) was less than 3000ml, and the liposuction volume
exceeding 3000ml emerged with the increase of WC. Besides, the proportion of large WC group (> 105cm)
was mainly accompanied by liposuction volume of level 2 and level 3. The main trend indicated in this
�gure, with some variation, was that with greater WC, liposuction volume became larger. The Goodman-
Kruskal gamma test showed statistically signi�cant positive correlations between the WC rankings and
the degree of liposuction volume (gamma = 0.802, P < 0.001), indicating that there was a high correlation
and consistency between these two variables. The purpose of this study was to provide an evidence for
WC to predict and estimate the grading distribution of liposuction volume.

Figure 7 displayed that the average liposuction volume in each group had a linear trend with the WC
grouping, the Pearson correlation coe�cient was 0.9817, 95% CI: 0.9125 to 0.9963 (P < 0.001), and the
linear regression formula was as follows: liposuction volume (mean) = 106.3WC (mean)-7497; P<0.001,
adjusted R2 = 0.9638. However, Figure 8 showed that the variation coe�cient of WC was relatively small,
1.07%-3.60%, while the liposuction volume has a larger coe�cient of variation, distributed in the range of
21.20%-37.30%.

Although there was a linear correlation between WC and liposuction volume in each group, the variation
of liposuction volume within the group was high, demonstrating that there were great differences in
liposuction volume among individuals with the same WC. Therefore, it is impossible to accurately predict
the liposuction volume in terms of the individuals’ WC. However, it is feasible to predict the probability of
liposuction volume grade distribution by the grouped WC.

Discussion
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Advances in liposuction technique and a greater understanding of the physiologic �uid dynamics have
enabled surgeons to remove increasing volumes of adipose tissue during a single surgical procedure(22).
Despite these progresses, no recommended range of safe lipoaspirate volume has been elucidated before
the operation. In the present study, we found that WC was the most importance factor in determining
lipoaspirate volume (Spearman correlation coe�cient, r = 0.706, p < 0.01). As was shown in the crude
model and minimally adjusted model, WC was signi�cantly associated with liposuction volume, when we
handled WC as a categorical variable, the same trend was observed. Interestingly, we found that there
was an interaction between BMI and WC, namely, BMI exerted an impact on the liposuction volume
through WC, particularly in obese or overweight population (BMI > 24). Besides, there was clinical
signi�cance of grade prediction: the gamma coe�cient between WC group and lipoaspirate group was
0.812, with high correlation and consistency. Based on that, we proposed an equation to evacuate the
lipoaspirate volume before liposuction: liposuction volume (mean) = 107.489WC (mean)-7586.898,
providing an estimation of rank distribution. Currently, given the limited evidence in the literature, plastic
surgeons often rely on the patients’ physical conditions, personal experiences, government-issued
restrictions, and the potential complications of surgery to estimate safe liposuction volume. And this
study could provide assistance for surgeons to perform liposuction, as the deep and intermediate
subcutaneous fat is considered to be sucked out.

We conducted a PubMed search using the keywords “waist circumference”, “liposuction volume” “central
obesity” and “subcutaneous fat”, simultaneously. Guidelines of international societies have suggested
WC measurement as the preferred method for central obesity (> 102cm in men and 88cm in women)(23–
25). And some studies have found that central obesity is positively associated with cardiovascular
disease (CVD) risk and some other diseases(26, 27). Other studies showed that waist circumference
decreased signi�cantly after liposuction (F3,24 = 44.5, p < 0.001; post hoc, all p’s < 0.03)(28–30). However,
to our knowledge, very few studies have discussed the connection between WC and liposuction volume
and provided an equation for lipoaspirate estimation.

Although body mass index (BMI) is the most frequently used measurement for obesity, an inherent
limitation is that BMI is correlated with total body fat, and it does not re�ect body shape or body fat
distribution(31). Moreover, BMI fails to account the proportion of weight related to increased muscle or
the distribution of excess fat within the body(32). Besides, according to a recent study in JAMA, as they
age, women tend to lose bone and muscle mass and have more fat accumulation in the abdomen(33).
Independent of BMI, central obesity, characterized by the excessive abdominal fat, has been related to
higher risk of mortality(26). And a large prospective cohort study has demonstrated that among 156624
postmenopausal women with normal-weight (BMI < 25.0kg/m2), those with central obesity were at higher
risk of mortality compared with women with normal weight and no central obesity(34). In this analysis,
BMI was signi�cantly correlated with liposuction volume (Spearman correlation coe�cient, 0.646; P < 
0.01), indicating BMI’s association with aspirated fat, but it is the interaction between BMI and WC (P for
interaction < 0.001) that lead to this result.
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So, other anthropometric measurements have been developed to describe the extent of central obesity,
such as WC, waist-height ratio (WHtR)(35). As an index for central obesity, WC re�ects abdominal fat
tissue but it cannot differentiate between visceral and subcutaneous fat depots. But WC is indeed gender-
speci�c(36). Furthermore, as Bosy-Westphal A et al and Pinho CPS et al postulated, it was noted that the
WC, regardless of the measurement site, was predominantly a subcutaneous fat index among women(37,
38). Moreover, Pinho CPS et al(38) proposed that the distribution of abdominal fat was heavily gender-
dependent. In brief, men tend to accumulate greater amounts of intra-abdominal adipose tissue, whereas
women are prone to store more fat in subcutaneous depots(39). Based on that, researchers also found
that for a given level of WC or BMI, women had higher levels of subcutaneous adipose tissue than
men(40). Thus, it is more meaningful for women to have waist and abdominal liposuction, such a
conclusion is consistent to our research population, and WC seems to be a good index for liposuction
volume among women.

Our study has a number of strengths. First, we have established strict inclusion and exclusion criteria,
namely, the characteristics of the study population and the waist and abdominal liposuction position
were �xed, people received simple liposuction cosmetic surgery without combined surgery, which ensured
that the data were homogeneous.

Second, our sample size was relatively large (742 patients), and to ensure the robustness of data analysis
and explore the true relationship between WC and lipoaspirate volume, a series of statistical methods
were used, including sensitivity analyses and subgroup analyses.
Third, this study was a retrospective study, including unavoidable potential confounders. Therefore, strict
statistical adjustments based on the STROBE statement were used to minimize residual confounding.
Fourth, we have put forward a prediction formula of grade distribution, providing clinical guidance for
surgeons. Fifth, in order to reduce confounding, attempt has been made to standardize operative
technique. All operations were done by the experienced senior surgeons who had receive the operation
training.

There are limitations in our study. First, as an analytical retrospective study, this study provides only weak
evidence of associations between WC and liposuction volume; it is di�cult to distinguish cause and
effect. Second, this study population contains only Chinese female participants, the data may be not
generalizable to other ethnic groups. As a single-center trial, this study might not have the generalizability
a multi-center trial typically retains. However, because most patients receiving liposuction are female in
our center, the statistics of the male patients are limited. Third, in addition to waist circumference and
BMI, lipid aspiration is also affected by a variety of factors, such as the distribution of subcutaneous fat
and visceral fat, the ratio of adipose tissue to connective tissue, patient requirements, surgical
procedures, and surgeons’ habits. Although we have taken a series of measures to control these
confounding, for example, the liposuction standard was consistent in our center. However, in clinical
practice, these factors are unavoidable, so we need to develop a more comprehensive clinical prediction
model. Fourth, the development of imaging technologies, such as CT, three-dimensional (3D) imaging
volumetric analyses and MRI, will be more accurate for the calculation of abdominal subcutaneous fat,
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and the application of big data, arti�cial intelligence and deep machine learning will be bene�cial to lipid
absorption prediction(41–44).

Conclusion
In this group of cases with the speci�c population, a single nationality, all adult women, and relatively
�xed station, there was a medium-to-high correlation between liposuction volume and WC, weight, WHtR,
BMI and other factors, among which the WC was the highest, 0.705. P for interaction showed that other
variables exerted an effect on the liposuction volume through the WC. There was a signi�cant linear trend
and consistency between the WC size group and the liposuction volume group. It was feasible to predict
the grade level of liposuction volume by WC before operation. Therefore, WC was of great importance for
the preoperative evaluation of waist and abdominal liposuction.
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Table 1

Descriptive Statistics of the demographic and clinical data (N = 742) 

 Minimum Maximum Mean SD Median IQR Mode P
value
of SW
test

Age (years) 18 59 36.34 8.73 37 12.25 39 <0.001

Height (cm) 150 180 162.07 4.45 162 5 160 <0.001

Weight (kg) 47 132 63.51 9.42 62 11 60 <0.001

WC (cm) 76 134 95.87 7.89 95 10 91 <0.001

BMI (kg/m2) 17.3 44.08 24.16 3.23 23.56 3.68 25.39 <0.001

WHtR 0.45 0.83 0.59 0.05 0.59 0.03 0.6 <0.001

Fat Volume
(ml)

1000 8300 2606.73 1142.6 2350 1800 2000 <0.001

WC, waist circumference BMI, body mass index WHtR, waist-to-height ratio SD, Standard Deviation
IQR, Inter-Quartile Range

 

Table 2

Partial correlation coe�cient between fat volume and preoperative measurements (N = 742)

 None Adjusted WC Adjusted Weight Adjusted BMI Adjusted WHtR

WC(cm) 0.705**   0.460** 0.409** 0.231**

Weight(Kg) 0.608** 0.079*   0.066* 0.271**

BMI(kg/m2) 0.646** 0.193** 0.294**   0.204**

WHtR 0.699** 0.144** 0.490** 0.378**  

**: p<0.01 *: p<0.05 WC, waist circumference BMI, body mass index WHtR, waist-to-height ratio
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Table 3

Relationship between WC and liposuction volume in different models

Variable Crude model
β(95%CI)

P Value Minimally
adjusted model
β(95%CI)

P Value Fully
adjusted
model
β(95%CI)

P
Value

WC 107.77
(100.79,
114.75)

<0.0001 109.45 (102.35,
116.54)

<0.0001 259.55
(-116.41,
635.51) 

0.1764

WC(quintile)            

Q1 Referent   Referent   Referent  

Q2 369.60
(189.84,
549.36)

<0.0001 394.70 (213.64,
575.77)

<0.0001 -178.92
(-358.51,
0.67)

0.0512

Q3 914.71
(724.00,
1105.42)

<0.0001 953.37 (759.34,
1147.40)

<0.0001 -166.68
(-403.27,
69.91)

0.1678

Q4 1950.92
(1770.28,
2131.57)

<0.0001 1995.60
(1810.12,
2181.09)

<0.0001 -120.03
(-453.97,
213.92)

0.4814

P for Trend <0.001 <0.001 0.467

Crude model: we did not adjust other covariants

Minimally adjusted model: adjusted for age

Fully adjusted model: adjusted for age; height; weight; BMI; WHtR

CI: con�dence interval

BMI, body mass index WHtR, waist-to-height ratio WC, waist circumference
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 Table 4

Waist circumference and fat volume contingency table

                    Fat volume (ml)

WC cm F<3000 3000≤F<5000 F≥5000 Total

WC<85 27 (100.0%) 0 0 27 (100.0%

85≤WC<90 124 (99.2%) 1 (0.8%) 0 125 (100.0%

90≤WC<95 190 (88.4%) 25 (11.6%) 0 215 (100.0%

95≤WC<100 103 (62.4%) 61 (37.0%) 1 (0.6%) 165 (100.0%

100≤WC<105 46 (38.7%) 72 (60.5%) 1 (0.8%) 119 (100.0%

105≤WC<110 14 (26.9%) 26 (50.0%) 12 (23.1%) 52 (100.0%

110≤WC<115 3 (15.8% 8 (42.1% 8 (42.1%) 19 (100.0%

115≤WC<120 2 (18.2% 4 (36.4%) 5 (45.4%) 11 (100.0%

120≤WC 0 1 (11.1%) 8 (88.9%) 9 (100.0%

Total 509 (68.6%) 198 (26.7%) 35 (4.7%) 742 (100.0%

WC, waist circumference

 

Figures

Figure 1

Liposuction range of waist and abdomen (A: front; B: back; C: left side; D: right side)
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Figure 2

Measurement site for wasit circumference
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Figure 3

The frequency distribution of all included variables
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Figure 4

The Spearman correlation coe�cient between anthropometric measurements and fat volume BMI, body
mass index WHtR, waist-to-height ratio
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Figure 5

Effect size of waist circumference on fat volume in prespeci�ed and exploratory subgroups According to
WHO, Underweight (BMI<18.5 kg/m2) Normal Weight (BMI: 18.5-24.9 kg/m2) Overweight or Obesity
(>24.9 kg/m2) BMI: body mass index WHtR: waist-to-height ratio
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Figure 6

The bubble diagram of waist circumference and fat volume within the group
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Figure 7

The �tting line between waist circumference (mean) and fat volume (mean) (Simple linear regression
analysis was used to generate a line of best �t)
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Figure 8

The variation coe�cient of waist circumference and fat volume within the group
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