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Abstract

Objectives: To evaluate the pharmacokinetics (PK) of levonorgestrel-containing combined oral
contraceptives (COCs) in obese women.

Study design: We pooled and reanalyzed data from 89 women with different BMI categories
from four clinical studies. The levonorgestrel (LNG) and ethinyl estradiol (EE) PK were analyzed
utilizing a zero-order absorption (Kp), two-compartment PK model to evaluate key PK parameters
in relation to a range of weights, body mass index (BMI), and body surface area (BSA).

Results: Increasing of body habitus metrics are correlated with decreasing C;,x (p<0.0001) and
AUC, (p<0.05) for both LNG and EE, but no correlation found for C;, (p=0.17). Increasing
weight and BMI were associated with a modest increase (p<0.056) of clearance (CL) and
appreciable increases of central volume (V/, p<0.05), distribution clearance (CLd, p<0.001), and
peripheral volume (V5 p<0.0001) for LNG. For EE, increases in CL (p<0.009) were found with
greater weight, BMI and BSA. Values of V;, CLd, and V>also increased (p<0.0001) in obese
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subjects. The half-life (77, and steady-state volume ( V) were greater among obese women
(p<0.0001) for both LNG and EE. LNG and EE PK parameters correlated well (p<0.006 for all),
indicating that individual subject physiology affected both drugs similarly.

Conclusions: The primary effects of obesity on LNG and EE were a modest increase in CL and
a marked increase in distribution parameters. We observed no obesity-related differences in trough
LNG and EE concentrations.

Implications: This population PK analysis demonstrated reduced systemic exposure to LNG/EE
oral contraceptives in obese subjects (Cpax and AUC,); these particular differences are unlikely to
lower contraceptive effectiveness among obese women who are correctly using LNG-containing
contraceptives.
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1. Introduction

Over one-third of American women 20 years and older are clinically obese, with a body
mass index (BMI) greater than 30 kg/m? [1]. Combined oral contraceptives (COCs) are one
of the most widely used methods to prevent pregnancies [2, 3]. The impact of obesity on the
oral contraceptive efficacy remains controversial. Obesity has been associated with altered
COC efficacy in some studies [4-8], while not in others [9-11].

Drug efficacy is often linked to pharmacokinetic (PK) changes caused by genotypic and/or
phenotypic differences, such as obesity, with effects at one or multiple points during
absorption, distribution, metabolism and excretion. Unfortunately, PK studies of combined
COCs have not brought clarity to whether and how obesity plays a role in COC efficacy.
Westhoff et al. [12, 13] found lower levonorgestrel (LNG) and ethinyl estradiol (EE)
concentrations in obese women compared to women with normal BMIs, but trough
concentrations were similar. Edelman et al. [14, 15] also found lower LNG and EE
concentrations in obese women. These small studies did not fully elaborate potentially
available PK parameters related to absorption and distribution.

Given the opportunity to provide more comprehensive and definitive assessments, we
examined serum concentration versus time data of LNG and EE from four PK studies
performed by three independent investigators. Population modeling applying a two-
compartment model allowed joint and more extensive assessments than performed in the
individual studies. We estimated the PK parameters in relation to a range of weights, body
mass index (BMI), and body surface area (BSA) metrics.

2. Materials and Methods

The principal investigators and their respective universities established data transfer
agreements with Dr. WJ Jusko and the University of Buffalo, State University of New York
(Buffalo, NY), and provided de-identified data for the pooled analysis. A brief description of
the studies and their methods follows:
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All study subjects received COC tablets in a 28-day regimen with day 21 being the last
active tablet and days 22-28 inert tablets only. Westhoff et al. [13] administered LNG 150
mcg / EE 30 mcg (Portia, Barr Laboratories, Montvale, NJ) to healthy participants (18-35
years old) for two to three COC cycles prior to a study cycle. For the PK sub-study, 15
normal-BMI participants (BMI 19.0-24.9 kg/m2) and 15 obese participants (BMI 30.0-39.9
kg/m?2) were admitted for 24 hours between cycle day 15-21. Blood samples were collected
at0,0.5,1.5,2,3,4,6,8,12,16 and 24 h. Participants ingested COCs immediately after the time
zero (tp) blood draw. Two normal weight subjects were found to be non-compliant (i.e. not at
steady-state) and thus data used for the modeling contains only 28 subjects.

Edelman et al. [14] administered LNG 100 mcg / EE 20 mcg (Alesse, Wyeth, Madison, WI).
The modeling included PK data from 9 normal (BMI 19.0-24.9 kg/m?) and 10 obese
subjects (BMI >30.0 kg/m?) participants who had undergone blood sample collection on day
21 of cycle 1 at 0,0.5,1,1.5,2,3,4,6,8, and 12 h, and day 22 at 0,4,8,12, and 24 h as well as
day 28 (last day of hormone-free interval) at 0,4,8 and 12 h. Serum LNG concentration-time
data used in the model were obtained on the last day of active pills (day 21), the first day of
7-day placebo tablets (day 22), and the end of the 7-day hormone-free interval (day 28). For
the EE modeling, only the data from days 21 and 22 were used.

Edelman et al. [15] administered LNG 100 mcg / EE 20 mcg (Aviane, Teva, Petah Tikva,
Israel). Thirty-two healthy obese (BMI>30 kg/m?, 18-35 years old) women contributed
blood samples starting on day 21 (last active tablet) at 0,0.5,1,1.5,2,3,4,6,8 and 12 h, day 22
(first placebo tablet) at 0,4,8,12, and 24 h, and at a single time point on days 23, 25, and 27.

Natavio et al. [16] administered LNG 150 mcg / EE 30 mcg (Marlissa, Glenmark
Pharmaceuticals, Mahwah, NJ) (ClinicalTrials.gov NCT02531321). Ten HIV positive
women, aged 18-45 years, including normal (BMI 19.0-24.9 kg/m?2), over-weight (BMI 25—
29.9 kg/m?), and obese subjects (BMI 30.0 kg/m2-39.9 kg/m?) participated. These women
were either not using anti-retroviral therapy or using regimens previously shown not to affect
contraceptive steroid metabolism. Samples were collected from day 21 through day 24 at
1,2,3,4,6,8,12,24,48, and 72 h.

2.1 Laboratory assays

The Reproductive Endocrine Research Laboratory at the University of Southern California
under the direction of Dr. Frank Z Stanczyk performed all study assays. The lab quantified
LNG and EE in serum samples by specific and sensitive radioimmunoassays (RIAs) [13—
15]. Briefly, prior to RIA, laboratory personnel extracted each analyte with ethyl
acetate:hexane (3:2) to remove interfering steroids and metabolites. Procedural losses were
estimated by adding titrated internal standards (3H-LNG or 3H-EE) to the serum prior to the
extraction step. The losses ranged from 15-30% and the recoveries were used to correct the
RIA values. Each RIA used a highly specific antiserum in conjunction with an iodinated
radioligand. A second antibody achieved separation of free from antiserum-bound LNG or
EE. The sensitivities of the RIAs were 0.05 ng/mL for LNG and 20 pg/mL for EE. The inter-
assay coefficient of variation (CV) for LNG was 8.1% at 0.43 ng/mL, 8.8% at 3.05 ng/mL,
and 7.4% at 9.79 ng/mL. The inter-assay CV for EE was 12.5% at 25 pg/mL, 8.2% at 69
pg/mL, and 7.2% at 285 pg/mL.
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2.2 Noncompartmental analysis (NCA)

We pooled the PK data from four studies [13-16] first examining the C4, (maximum
concentration), Cp,;, (concentration at 24 h), and AUC (area under the concentration versus
time curve) of both LNG and EE. The NCA was performed using Phoenix WinNonlin
version 7.0 (Certara, St. Louis, MO) with the linear up - log down method.

2.3 Population PK

We utilized population models for both LNG and EE using NONMEM 7.3, Pirana 2.9.6 with
the stochastic approximation expectation maximization (SAEM) by the importance sampling
method (IMP) [17]. The time-course of both total LNG and EE concentrations were fitted to
a two-compartment model (2CM) with zero-order absorption (Kp). We needed to include a
lag-time for LNG PK but not for EE. The library model (ADVAN 3 TRANS 4) was used and
set to attain steady-state. The equations are:

dA(l) _ . CLd CLd _CL
—— =K, Vo ><A(1)+—V2 x A(2) leA(l) 1)

dAQ2) _ CLd _CLd
i x A(1) 7, xAQ2) (2
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where A(Z)and A(2)are amounts in Vzand V3 C,is measured drug concentration, Cyis
assumed peripheral concentration, CL is plasma clearance, CLd'is inter-compartmental
distribution clearance, and V;and V>are central and peripheral volumes. Bioavailability of
LNG and EE are not known due to absence of 1V data, so estimates of CL, V3, Voand CLd
are all “apparent”.
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Each model was validated by checking goodness-of-fit plots, normality of the inter-
individual variability (11V), residuals, and shrinkage. The predictive quality of the model was
evaluated with visual predictive checks (VPC).

2.4 Linear regression and statistics

In additional to weight, body habitus metrics were calculated for body surface area (BSA)
[18]:

BSA(m®) = weight (kg)**** X heightcm)*"* x 0.007184  (6)

and body mass index (BMI) [19]:

BM1 (k_g,;)
m

_ weight(kg)

.
height (m)* @)

Subjects with BMI 18.5-24.9 kg/m? are considered normal, BMI 25.0-29.9 kg/m? are
overweight, BMI 30.0-39.9 kg/m? are obese, and BMI greater than 40.0 kg/m? are
extremely obese. We applied linear regression to each PK parameter (Cpax, Cmine AUCT,
Vs, T1/0, CL, V3, CLg V5, and Kp) with each body habitus metric (BW, BMI and BSA)
using GraphPad Prism 7 to evaluate correlations. Regression parameters included R?, slope,
intercept, and we assessed whether the slopes differ significantly from 0 for both LNG and
EE. For linear regressions of Cy;;; and AUCT, intercepts were forced to 0. The LNG values
with residuals greater than 6xSD were ignored (2 out of 89 subjects) and EE values with
residuals greater than 4xSD were ignored (1 out of 89 subjects). Linear regressions of PK
parameters between LNG and EE were also forced through (0, 0).

3. Results

3.1 Population PK model

We analyzed drug concentrations from 89 subjects; one subject had missing EE data (Table
1). As shown in Figure 1, the time course of serum concentrations of both LNG and EE
exhibited a rapid rise followed by a bi-exponential decline and were well-described by the
two-compartment model (2CM) with zero-order absorption. The peak serum concentrations
of both LNG and EE occurred within 1-2 h. A mean lag-time of 0.38 h was estimated for
LNG (Table S-1). The model for LNG was the same for all studies and data were stratified
by COC dose (Figure 1A) to show the population predicted profile. LNG PK were well
described with the 2CM despite different doses and blood collection durations, with
observed and individual predicted concentrations matching well and most conditionally
weighted residual (CWRES) values symmetrically falling between -2 and +2 SD (Figure
S-1). The PK parameters (CL, V7, CLg V5, Ty Tjag) Were estimated with good precision,
with relative standard error (RSE) less than 30% (Table S-1). The LNG PK at 100 and 150
mcg showed good dose-proportionality (AUCT: 51.5 £20.5, 94.5+34.2 ng/mL*h; Crax:
3.65+1.16, 6.82+2.13 ng/mL; Cpyjpr: 1.91+0.92, 3.35+£1.82 ng/mL, Table S-2)
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The EE concentrations did not show dose-proportionality. As shown in Table S-2, the 20
mcg dose produced Cax values of 136 + 64.3 pg/mL similar to those given EE 30 mcg (126
+ 50.7 pg/mL); the 20 mcg dose produced Cp,;, (44.1 £ 19.8 pg/mL) similar to those given
EE 30 mcg (39.6 £ 15.6 pg/mL). Thus, EE data were separated into two groups due to these
differences. However, when comparing PK changes across studies, EE doses from Edelman
et al. [14, 15] were set to 30 mcg. The EE PK were well described by the 2CM model with
zero-order absorption, with observed and individual predicted concentrations agreeing well
and the CWRES symmetrically falling between -2 and +2 SD (Figure S-2). All EE PK
parameters were estimated with good precision (Table S-1).

3.2 LNG PK parameters in relation to body habitus metrics

When comparing NCA parameters across the studies, we multiplied Cy,4 AUCT, and Cpjpn
from Edelman et al. [14, 15] (LNG 100 mcg/EE 20 mcg) by 1.5 to match the dose from
Westhoff et al. [13] and Natavio et al. [16] (LNG 150 mcg/EE 30 mcg) given the good dose
proportionality of LNG. The Cy,, 0f LNG decreased with increasing weight, BMI and BSA
(p<0.0001 for all body metrics, Figure 2A, Table S-3). Similarly, the AUC7of LNG also
decreased with increasing weight, BMI and BSA (p<0.015 for all). However, Cy,;, did not
correlate with any of the body habitus metrics (p =0.17 for all). The steady-state volume
(V) of each individual obtained from the population analysis increased with increasing
weight, BMI and BSA (p<0.0001 for all). Similarly, the individual half-life (7;,) increased
with increasing weight, BMI and BSA (p<0.0001 for all). The latter differences are
consistent with the greater tissue mass for distribution of the drugs.

We obtained values of CL, V3, CLd, V,and Kpof individual fitted parameters from the
population PK analysis. Linear regression of each PK parameter with increasing body
habitus metrics yielded the following results (Figure 2B, Table S-4): The LNG CL increased
with BW (p=0.027) and BSA (p=0.015); CL also increased with BMI, but with marginal
significance (p=0.056). V/;increased with weight (p=0.028) and BMI (p=0.022) while
marginal significance related to BSA (p=0.067). The CLyincreased with all body habitus
metrics (p<0.001 for all). Similarly, V>, also significantly increased with all body habitus
metrics (p<0.0001 for all). Interestingly, the Ky decreased with increasing BW, BMI, and
BSA (p<0.018 for all).

3.3 EE PK parameters in relation to body habitus metrics

Since we found no dose proportionality between two doses, the Cp;2, AUCT, and Cpyp, Of
EE were compared directly without dose adjustment. In all four studies, Cp,;2xand AUCT
decreased with increasing weight, BMI and BSA (p<0.0001 and p<0.018, respectively) for
all body metrics (Figure 3A, Table S3). There was no correlation between C;, and the body
habitus metrics (p=0.28 for all). Both the Vsand 77, increased with weight, BMI, and BSA
(p<0.0001 for all). For population PK parameters, CL increased with weight, BMI, and BSA
(p=<0.009 for all, Figure 3B, Table S4). The V/;, CLd, and V>also increased with BW, BMI,
and BSA (p<0.0001 for all). There was no correlation between Kjvalues and weight, BMI,
and BSA (p=0.70 for all). As for LNG, the EE PK parameters from all studies were
distributed homogeneously in relation to body metrics.
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3.4 Correlation of LNG and EE PK parameters

Comparisons of LNG and EE PK parameters were possible for a total of 88 subjects. As can
be seen from Figure 4 and Table S-5 for each individual, the increase of LNG CL is
correlated with the increase of EE CL (p<0.0001). Similarly, there were significant
correlations for V;, CLd, V5, Ky and T3/ (p<0.0056 for all parameters). These findings
suggest that the change of both LNG and EE PK is affected by the physiology of each
subject where greater body mass leads to similar changes in the PK parameters for the two
compounds.

3.5 Relationships of AUCy and Cyyj, values

The AUCT values of LNG and EE versus the Cmin values for each subject are shown in
Figure 5. For LNG, C,,;, correlates well with AUCT (R?=0.82) with a slope of 25.82. For
EE, C,» also correlates well with AUCTalthough greater variability was seen (R2=0.51)
with a slope of 33.93.

4. Discussion

This joint population PK analysis demonstrated reduced systemic COC exposure in obese
subjects (Cpaxand AUCT), but no difference in trough LNG and EE concentrations.
Population PK analysis revealed markedly increased values of Vgand 77, which can be
attributed to the increased tissue mass in obesity. Obese women exhibited an increased CL
for both LNG and EE. As hepatic metabolism determines the clearances of these
compounds, this result may reflect greater liver size or function with increased body mass.
We do not think it is likely that these modest differences in PK translate into an increased
pregnancy risk in obese women but, in combination with non-adherence, it may make them
more at risk. However, these findings only apply to COCs with LNG and EE, and not for any
other combinations of COCs or other progestins and etonogestrol implant. Because there are
PK interactions between LNG and EE, the findings here are not relevant to EE combined
with other progestins.

The present analysis offers the capabilities and advantages of joint population modeling, a
highly relevant 2CM model fitting approach, and a much larger database than the previous
individual studies assessing LNG and EE exposures in relation to obesity. These features
allow more certainty in drawing conclusions about the role of obesity in the PK of COCs.
The graphs depict the clear trends of all PK parameters in relation to the three methods of
expressing body habitus in comparable groups of women taking COCs from 3 sites in the
US. We found no clear advantage to using any one of the three body habitus indices.

LNG PK is known to be linear as AUC increases proportionally with dose [20]. EE should
also be linear within a certain dose range; Fotherby [21] showed that EE PK is linear in the
range of 20—100 mcg. However, our analysis did not demonstrate this for women of higher
BMI. The EE PK data from Edelman et al. [14, 15] (EE 20 mcg) and the other studies [13,
16] (EE 30 mcg) are not dose proportional. Both Edelman studies that gave EE 20 mcg had
concentrations similar to the other EE 30 mcg studies. Greater inter-individual variability
was also observed in the Edelman studies, perhaps due to inconsistencies in timing of dosing
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of some subjects. However, factors such as enterohepatic circulation, peripheral conversion,
formulation (different bioavailability and/or absorption rate), study conditions, and assay
date/run differences may also occur. This complicates combining the studies for this
analysis. Based on other published data with same product (Alesse), the Edelman group had
EE concentrations about twice those from Koch et al. [22] (AUC+1567 vs 596 pg/mL*h,
Crmax 136 vs 66 pg/mL). The method used by the latter group was gas chromatography—mass
spectrometry (GC-MS), which tends to provide greater specificity than radioimmunoassay,
which was used in our studies. The Wyeth product label [23] lists the EE Cj;4y (82.3 pg/mL)
and AUCT (776 pg/mL*h) closer to Koch et al.[22]. For the purpose of combining all 4
studies, the EE doses for the Edelman studies were set to 30 mcg. An alternative approach
for analyzing the 20 and 30 mcg data separately led to similar trends (increase of CL, V/,
V), CLd, Vsgand T with increase of BW, BMI, BSA for both doses), but with lesser
significance due to the lower power when reducing the number of subjects.

One consistency for this analysis was that we performed all LNG and EE assays for all
studies in one laboratory. The methodology involved long-established and validated
radioimmunoassays. While the use of chromatography and mass spectrometry methods
would offer greater possible specificity, there have not been to our knowledge any published
and validated comparison of the two methods assessing the same samples from dosed
subjects. On the other hand, Jusko [24] summarized the Cmax and AUC values for a large
array of COC studies and found similar values for LNG exposures for studies using different
analytical methods. Nevertheless, the use of RIA rather than LC-MS or GC-MS is a
limitation of this study.

Obesity alters the clearance and disposition of various drugs [25, 26]. For both LNG and EE,
increasing body weights correlated with lower Cpax Criin and AUCTvalues. However,
trough concentrations (C;,) of both LNG and EE did not differ with body habitus. Both
drugs are eliminated largely by metabolism. For drugs cleared primarily by hepatic
metabolism, obesity can increase, decrease or have no effect on clearance. Clearances in
obesity are more likely to increase for drugs that undergo conjugation reactions with
glucuronic acid, sulfonates, glutathione, or amino acids [27, 28]. As EE undergoes
conjugation with glucuronic acid and sulfonates [21], this could explain the increased EE
clearance in obese subjects.

Obesity was found to increase the clearance of LNG given alone, likely due to the lower sex
hormone binding globulin (SHBG) concentrations and binding [29]. The clearance of LNG
and EE in COCs is complicated as EE induces SHBG production, which in turn reduces the
clearance of LNG. The analysis of PK data from the present study shows that both LNG and
EE have increased clearances in obese subjects and the increase is greater for EE. While
untreated obese subjects have lower SHBG concentrations than normal women [30, 31], the
present studies showed no differences in SHBG in relation to body weight during chronic
COC use (Figure S-3). This implies that free LNG and EE concentrations are also likely to
be proportional to their total serum concentrations.

The Edelman group obtained PK data for as long as 192 h revealing a long apparent terminal
phase for EE. This is likely due to the reversible metabolism of EE sulfate, which acts as a
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reservoir or slow release form of parent EE [21]. To assess the PK changes consistently for
the four studies, the sample times utilized were limited to 72 h. Reversible metabolism
and/or consideration of enterohepatic circulation may be needed for a more complete
description of EE PK. As EE was measured using RIA in all four studies, mass spectrometry
assays are needed to explain the terminal EE concentrations. However, this late washout
phase consists of very low apparent EE concentrations that are unlikely to contribute to
either Cpoxand AUCTor to the efficacy of the OC product.

Researchers have been interested in the possibility of using trough or Crmin concentrations
of drugs including COCs to monitor exposure and compliance during multiple-dosing.
Indeed, reasonable correlations of AUCT and Cminwere found for LNG and EE in small
studies of COC products in normal weight women [12, 32]. The present study provides data
from much larger numbers of subjects than previously with the addition of the disturbances
in PK caused by obesity. The results in Figure 5 indicate good correlation between C,;,and
AUCT, suggesting that Cy;;, values can be used fairly reliably as a surrogate for systemic
COC exposures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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General model fittings of serum levonorgestrel (LNG) and ethinyl estradiol (EE)
concentrations versus time. (A) LNG 150 mcg [13, 16] or 100 mcg PK profiles[14, 15]; (B)
EE 30 mcg [13, 16] or 20 mcg PK profiles [14, 15]. Population predicted (PRED) profiles
are shown as black lines. Subjects with different extent of obesity are shown using different
colors and shapes. Subjects with BMI 18.5-24.9 kg/m? are considered normal, BMI 25.0-
29.9 kg/m? are overweight, BMI 30.0-39.9 kg/m? are obese, and BMI greater than 40.0

kg/m? are extremely obese.
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Figure 2.

LNG PK parameters in relation to body habitus metrics. (A) NCA parameters of individual
subjects from 4 studies [13-16] in relation to weight, BMI, or BSA. (B) Two-compartment
model parameters of individual subjects from 4 studies [13-16] in relation to weight, BMI,
or BSA. Regression parameters and statistics are listed in Supplemental Table S-3. All linear
regressions had slopes significantly different from 0 (p<0.05 or less), except for Cmin.
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EE PK parameters in relation to body habitus metrics. (A) NCA parameters for individual
subjects from 4 studies [13-16] in relation to weight, BMI, or BSA. (B) Two-compartment
model parameters for individual subjects from 4 studies [13-16] in relation to weight, BMI,
or BSA. Regression parameters and statistics are listed in Supplemental Table S-4. All linear
regressions had slopes significantly different from 0 (p<0.05 or less), except for Koand
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Demographic characteristics of participants in 4 COC studies combined in this analysis.

Table 1

Study aWesthoff etal. bEdelman etal. cEdelman etal. dNettavio etal. Pooled
Number of Subjects 28 19 32 10 89

Age (years) 25545 29.5+5.1 29.0 +4.7 35.2+3.9 28.715.4
Weight (kg) 77.5+19.4 83.2 +25.7 106.6 £17.7 71.8+9.6 88.5 £23.8
Height (cm) 164.8 +7.2 165.3+9.4 162.8 £7.6 158.847.3 163.5 +8.0
Non-Hispanic 20 (71.4) 18 (94.7) 30 (93.8) 2(20) 70 (79)
Normal® 13 (46.4) 9(47.4) 0(0) 1(10) 23 (26)
Overw eighte 0(0) 0(0) 0(0) 6(60) 6 (7)
Obese® 15 (53.6) 8(42.1) 23(71.9) 3(30) 49 (55)
Extremely Obese® 0(0) 2(10.5) 9(28.1) 0(0) 11 (12)
BMI (kg/m?) 28.4 (6.2) 30.0 (9.1) 39.4 (6.6) 28.5(3.3) 32.7(8.4)
BSA (m?) 1.84 (0.24) 1.89 (0.25) 2.09 (0.18) 1.74(0.14) 1.93 (0.25)

laStudy from Westhoff et al.[13] administered LNG 150 mcg/EE 30 mcg.

bStudy from Edelman et al. [14] published in 2009 administered LNG 100 mcg/EE 20 mcg.

cAnother study from Edelman et al. [15] published in 2014 administered LNG 100 mcg/EE 20 mcg.

dStudy from Natavio et al. [16] administered LNG 150 mcg/EE 30 mcg.

Page 17

ESubjects with BMI 18.5-24.9 kg/m2 are considered normal, BMI 25.0-29.9 kg/m2 are overweight, BMI 30.0-39.9 kg/m2 are obese, and BMI

greater than 40.0 kg/m2

All data are presented as n (%) or mean + standard deviation.

are extremely obese.
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