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Preoperative risk factors associated 
with left ventricular dysfunction 
after bariatric surgery
Lisa M. D. Grymyr 1,2, Gunnar Mellgren 3,4, Adrian McCann 5, Eva Gerdts 6, Klaus Meyer 5, 
Saied Nadirpour 7, Johan Fernø 3,4, Bjørn G. Nedrebø 2,7 & Dana Cramariuc 1,2*

A large proportion of patients with severe obesity remain with left ventricular (LV) dysfunction 
after bariatric surgery. We assessed whether preoperative evaluation by echocardiography and 
inflammatory proteins can identify this high-risk group. In the Bariatric Surgery on the West Coast of 
Norway study, 75 patients (44 ± 10 years, body mass index [BMI] 41.5 ± 4.7 kg/m2) were prospectively 
evaluated by echocardiography and inflammatory proteins (high-sensitivity C-reactive protein 
[hsCRP], serum amyloid A [SAA] and calprotectin) before and one year after Roux-en-Y gastric bypass 
surgery. LV mechanics was assessed by the midwall shortening (MWS) and global longitudinal strain 
(GLS). Bariatric surgery improved BMI and GLS, and lowered hsCRP, calprotectin and SAA (p < 0.05). 
MWS remained unchanged and 35% of patients had impaired MWS at 1-year follow-up. A preoperative 
risk index including sex, hypertension, ejection fraction (EF) and high hsCRP (index 1) or SAA (index 
2) predicted low 1-year MWS with 81% sensitivity/71% specificity (index 1), and 77% sensitivity/77% 
specificity (index 2) in ROC analyses (AUC 0.80 and 0.79, p < 0.001). Among individuals with severe 
obesity, women and patients with hypertension, increased serum levels of inflammatory proteins and 
reduced EF are at high risk of impaired LV midwall mechanics 1 year after bariatric surgery.

ClinicalTrials.gov identifier NCT01533142 February 15, 2012.

Abbreviations
BMI  Body mass index
BP  Blood pressure
CV  Cardiovascular
ECG  Electrocardiography
EF  Ejection fraction
GLS  Global longitudinal strain
HbA1c  Glycated hemoglobin
HsCRP  High-sensitivity C-reactive protein
LV  Left ventricular
MALDI-TOF MS  Matrix-assisted laser desorption/ionization-mass spectrometry
MWS  Midwall shortening
SAA  Serum amyloid A

Obesity tops the burden of metabolic diseases globally and has an alarming annual increase of 3% in adults and 
above 5% in  children1,2. Excess adipose tissue impacts every organ system and is associated with increased car-
diovascular (CV) risk and subclinical cardiac  dysfunction3–5. The Global Burden of Disease Study has identified 
obesity as the direct cause of 11% of heart failure cases in men and 14% in  women6. In the prospective Bariatric 
Surgery on the West Coast of Norway study, we have previously found that impaired cardiac mechanics in the 
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longitudinal or radial direction is largely prevalent in middle-aged patients with severe  obesity5. Despite that, 
patients with obesity referred to bariatric surgery do not routinely undergo preoperative screening with echo-
cardiography in  Norway7,8.

Bariatric surgery has established itself as one of the most effective methods for achieving large permanent 
weight  loss9–11. Over 15% weight loss is estimated as necessary to reduce CV mortality and heart  failure9–11. How-
ever, despite significantly lower body mass index (BMI) and improvement in CV risk profile and hemodynamics, 
44% of patients that undergo bariatric surgery remain with abnormal cardiac function one year after surgery, 
most often due to reduced left ventricular (LV) midwall  mechanics12.

The causes of persistent cardiac dysfunction after bariatric surgery are not well understood. Obesity is known 
to be associated with low-grade chronic inflammation, and in recent years several circulating inflammatory pro-
teins have been revealed as both potentiators of inflammation and mediators of obesity-associated endothelial 
dysfunction and insulin  resistance13. High-sensitivity C-reactive protein (hsCRP) and serum amyloid A (SAA) 
are persistently elevated in obesity and diabetes, and both have been linked to increased mortality in patients 
with coronary artery  disease14–18. Both circulating calprotectin and its gene expression in visceral adipose tissue 
are increased in adults and children with obesity, among whom it is related to higher recruitment of macrophages 
in the adipose tissue and increased  inflammation19. Whether established or more novel inflammatory markers 
can predict LV dysfunction following bariatric surgery has, to our knowledge, not been explored previously.

To better characterize the impact of bariatric surgery on LV cardiac mechanics, we analyzed data from the 
Bariatric Surgery on the West Coast of Norway study to determine how preoperative inflammation, findings at 
the initial electrocardiography (ECG) and echocardiography and traditional CV risk factors may predict longer-
term cardiac impairment. Based on the identified predictors, we sought to develop a simplified risk index to be 
used in the preoperative assessment of patients with severe obesity.

Methods
Study design
The Bariatric Surgery on the West Coast of Norway study is a prospective follow-up of patients with obesity 
referred for Roux-en-Y gastric bypass surgery on the West Coast of Norway (2012–2016). The study protocol has 
been previously reported in  detail5,12,20. Briefly, the Bariatric Surgery on the West Coast of Norway study enrolled 
individuals aged 18–60 years eligible for bariatric surgery based on national recommendations (BMI ≥ 40 kg/m2 
or BMI ≥ 35 kg/m2 with at least one weight related condition as hypertension, diabetes mellitus type 2 and/or 
sleep apnea). Exclusion criterion was pregnancy during the study period. Patients underwent 12-lead ECG and 
echocardiography, and blood samples were collected at baseline, 6 months, and 1-, 2- and 5-years post-surgery.

A total of 123 patients were recruited in the cardiac study arm. Of these, two patients had known coronary 
artery disease and were consequently excluded from the analyses. The remaining participants had no history of 
CV disease at study inclusion. Biobank samples for analysis of inflammatory markers were available in 76 patients 
preoperatively. Of these, 75 patients had complete echocardiographic examinations both before and 1 year after 
surgery and thus constituted the present study population. Patients excluded from the present analysis were 
slightly younger (37 ± 12 vs 44 ± 10 years, p < 0.001), but had similar prevalence of hypertension and diabetes, 
and comparable sex distribution, BMI and LV mechanics by midwall shortening (MWS) and global longitudinal 
strain (GLS) with the included patients. Preoperative hypertension was defined as history of hypertension, blood 
pressure (BP) ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic, or use of antihypertensive drugs. Diabetes was 
defined as glycated hemoglobin  (HbA1c) ≥ 6.5%, fasting blood sugar ≥ 7.0 mmol/l, prior diagnosis of diabetes, 
or use of antidiabetic  medications21.

The study was approved by the Regional Comittee for Medical Research Ethics Western Norway (2021/22196) 
and adhered to the revised Declaration of Helsinki. Patients provided written informed consent before enrollment.

Biobank analyses
Blood samples collected at all study visits were processed as per standard procedures and serum stored at − 80 °C 
in the West-Norwegian Biobank for Overweight at Haukeland University Hospital before being analyzed at the 
Bevital laboratory in Bergen, Norway (www. bevit al. no). Serum concentrations of the inflammation markers 
hsCRP, total SAA and amyloid A isoforms (SAA1.1-1.3, SAA2.1-2.2), as well as total calprotectin and calprotectin 
subunits (S100A8 and S100A9) were analyzed. Cystatin C, a marker of glomerular filtration rate independent of 
age, sex, muscle mass and diet, was measured as an indicator of renal function.  HbA1c was measured as a marker 
of glycemic control. All inflammatory proteins, cystatin C and  HbA1c were measured by matrix-assisted laser 
desorption/ionization-mass spectrometry (MALDI-TOF MS)  approaches22. Within- and between-day coefficient 
of variation for the inflammatory proteins, cystatin C and  HbA1c ranged from 4 to 7% and 4–10%, respectively.

ECG measurements
On preoperative ECGs, atrial depolarization was assessed by the P wave axis and duration. Ventricular de- and 
repolarization were evaluated by the QRS axis and duration, T axis, QRS-T angle, time to intrinsicoid deflection, 
and corrected QT time.

Echocardiographic measurements
The echocardiographic protocol has been previously  described5,12,20. All images were analyzed by a junior 
(LMDG) and proofread by a senior researcher (DC) at the Bergen echocardiography core laboratory at Univer-
sity of Bergen.

http://www.bevital.no
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LV structure
LV dimensions and mass were assessed following the joint American Society of Echocardiography and Euro-
pean Association of Cardiovascular Imaging guidelines for quantitative  echocardiography23. LV hypertrophy 
was defined as LV mass indexed for  height2.7 ≥ 49.2 g/m2.7 in men and ≥ 46.7 g/m2.7 in  women5. The ratio of LV 
end-diastolic posterior wall thickness/internal diameter (the relative wall thickness) indicated concentric LV 
geometry when above 0.4223. Pericardial fat was measured in the parasternal long-axis view at end-diastole as 
previously  reported20.

Left ventricular function and mechanics
LV systolic function was measured by Simpson´s biplane ejection fraction (EF, low if < 52% in men and < 54% 
in women)23. LV wall mechanics was measured in the radial direction by the MWS (low if < 14% in men and 
< 16% in women). MWS reflects the LV fractional shortening at the level of the midwall and was derived from 
the two-dimensional LV end-diastolic and end-systolic chamber dimensions and wall thicknesses using a previ-
ously prognostically validated  formula24. Patients with normal/low MWS at both the preoperative and 1-year 
postoperative visits were classified as having persistently normal or persistently low MWS, respectively. LV 
mechanics in the longitudinal direction was assessed by the GLS (low if less negative than − 16.7% in men and 
-17.8% in women)25. GLS was analyzed by using all three standard apical views in a vendor-independent software 
package (2D Cardiac Performance Analysis, Image Arena, Tomtec)25. LV pump performance was assessed by the 
biplane stroke volume. LV myocardial oxygen  (O2) demand was estimated from the LV mass-wall stress-heart 
rate product and considered high if > 2.29 ×  106 g kdyne/cm2 bpm in men, and > 1.62 ×  106 g kdyne/cm2 bpm in 
women as previously  reported5,26.

Statistical analyses
Statistical analyses were performed in IBM SPSS Statistics 28.0 (IBM Corp., Armonk, NY, USA) as well as R (R 
core team, 2023, R studio, Posit Team, 2023 and the ggplot2 package, Wickham, 2016). Patients were grouped 
according to normal vs. low MWS at baseline and 1 year postoperatively.

Normality was evaluated with both Shapiro–Wilk and Q–Q Plots. For normally distributed variables, inde-
pendent-samples and paired-samples t tests, and one-way ANOVA with Turkey–Kramer post hoc test were used 
for comparisons between groups. When data was not normally distributed, correlations were assessed by the 
Spearman test, and differences between groups by bootstrap t tests as appropriate. Categorical variables were 
compared by the chi-square test. Findings are reported as mean ± standard deviation (SD) or as percentages.

The relation between clinical characteristics, preoperative inflammatory proteins and echocardiographic 
findings, and low 1-year MWS was assessed initially using univariable regression analyses. HsCRP and serum 
calprotectin S100A9 were categorized as high if in the highest tertile, and SAA as high if in the highest quartile. 
Clinically relevant variables and variables associated with low MWS at a 2-sided probability < 0.1 were then 
entered into multivariable logistic regression analyses run with a combination stepwise selection method. All 
multivariable models were evaluated by the Hosmer–Lemeshow goodness-of-fit test and the Nagelkerke  R2 value, 
and the two best fitted models were further used to construct two risk indexes. The risk indexes included the 
identified independent predictors of low 1-year MWS in the two final multivariable logistic models, with the 
relative weight of each predictor calculated from the parameter estimate (B) in the logistic model, multiplied by 
10. The risk indexes were then evaluated in terms of predictive ability using the areas under the Receiver Operat-
ing Characteristic (ROC) curves (AUC) with 95% confidence intervals (CI) and p values. In both ROC analyses, 
the value of each risk index with best sensitivity and specificity in predicting low 1-year MWS was identified. A 
two-tailed p < 0.05 was considered significant in all analyses.

Results
Preoperative LV function and inflammation
Before bariatric surgery, 45% (34/75) of patients had low MWS. Despite comparable age, BMI and LV EF, the 
low preoperative MWS group had higher heart rate and systolic blood pressure as well as higher  HbA1c and 
serum concentration of inflammatory proteins, particularly hsCRP, total calprotectin, the calprotectin subunit 
S100A9, and SAA isoforms SAA1.3 and SAA2.2 (Table 1). On ECG, patients with low MWS had comparable P 
wave (97 vs 94 msek) and PR duration (166 vs 159 msek) (p = 0.09) and similar measures of ventricular de- and 
repolarization. Myocardial  O2 demand was high in 33% of the study population before surgery and correlated 
with increased serum calprotectin S100A9 (r = 0.32, p < 0.01). Patients with low preoperative MWS also had 
smaller LV dimensions with higher relative wall thickness and myocardial  O2 demand (Table 2).

Postoperative LV function and inflammation
The mean follow-up was 14 ± 3 months. Bariatric surgery induced a significant fall in serum hsCRP, total serum 
calprotectin and total SAA, as well as an improvement in both GLS and myocardial  O2 demand (all p < 0.01) 
(Tables 1 and 2). High myocardial  O2 demand was present in 7% of patients 1 year after surgery (Table 2), and in 
this group the preoperative serum levels of all inflammatory proteins were significantly higher than in patients 
with normalized  O2 demand after surgery (all p < 0.05).

MWS remained on average unchanged (Table 2), and 35% of patients had low MWS 1 year after surgery. Of 
these, 62% also presented with low MWS before surgery, i.e. persistently low MWS. Patients with low 1-year LV 
midwall function had higher heart rate, more often hypertension and higher levels of both hsCRP, calprotec-
tin S100A9 and total SAA preoperatively (all p < 0.05). When analyzing the preoperative serum concentration 
of inflammatory markers in relation to changes in MWS after surgery, the level of inflammatory proteins (in 
particular hs-CRP and calprotectin subunit S100A9) was highest in patients with persistently low MWS, and 
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lowest in those with persistently normal MWS (Fig. 1). Patients with low 1-year MWS had significantly higher 
preoperative concentrations of both hsCRP and SAA across the BMI range, and of calprotectin subunit S100A9 
in patients with BMI up to 50 kg/m2, compared to patients with normal 1-year postoperative MWS (Fig. 2).

When preoperative echocardiographic findings were compared, patients with low 1-year MWS had lower EF: 
59 ± 7% vs. 62 ± 5% and significantly higher myocardial oxygen demand before surgery: 1.85 ± 0.69 vs 1.58 ± 0.53 g 
kdyne/cm2 bpm ×  106 (both p < 0.05). Preoperative ECG measures of atrial and ventricular function did not differ 
between patients with normal and low MWS 1 year after surgery. Postoperatively, patients with low MWS had 
higher relative wall thickness, lower GLS and higher myocardial oxygen demand (Table 2).

Sex and inflammation in severe obesity and after bariatric surgery
Women were numerically overrepresented among patients with low MWS both pre- and post-operatively 
(Table 1) despite having similar age (44 ± 10 years in both sexes) and preoperative BMI (41.2 ± 4.5 kg/m2 in 
women vs. 42.4 ± 5.2 kg/m2 in men, p = 0.32), and lower preoperative BP than men (systolic BP 133 ± 9 mmHg in 
women vs. 140 ± 8 mmHg in men; diastolic BP 86 ± 7 mmHg in women vs. 91 ± 6 mmHg in men, both p < 0.01). 
Twenty-five percent of women vs. 10% of men had persistently low MWS 1 year after surgery. At baseline, 
the concentration of inflammatory proteins did not differ between sexes (Table 3). However, when comparing 
patients with preoperative BMI below or above the median (41.2 kg/m2), hsCRP was highest in women with BMI 
above the median (p < 0.05, Supplemental figure). Surgery resulted in a reduction of hsCRP and SAA in both 

Table 1.  Clinical and biochemical characteristics of the whole study population and in patients with normal 
vs. low LV MWS preoperatively and 1 year after bariatric surgery. The serum concentration of inflammatory 
proteins is presented for hsCRP, total calprotectin and calprotectin subunits S100A8 and S100A9, as well as for 
total SAA and for SAA isoforms that were significantly different between patients with normal vs. low MWS 
(SAA1.1, SAA1.3, SAA2.1, SAA2.2). BMI body mass index, BP blood pressure, HbA1c glycated hemoglobin, 
hsCRP high-sensitivity C-reactive protein, MWS midwall shortening, na not applicable, SAA serum amyloid 
A. P values in the last column indicate the level of significance when comparing patients with normal vs. 
low MWS preoperatively or 1 year after surgery and are based on independent-samples t tests for normally 
distributed variables, and bootstrap t tests (indicated by §) for not-normally distributed variables. *p < 0.001 
and †p < 0.01 indicate the level of significance when comparing preoperative and postoperative values in the 
whole population by paired-samples t tests for normally distributed variables and by paired bootstrap t tests for 
not-normally distributed variables.

Baseline 1-year follow-up

Total cohort (n = 75)
Normal MWS 
(n = 41) Low MWS (n = 34) P value Total cohort (n = 75)

Normal MWS 
(n = 49) Low MWS (n = 26) P value

Preop age (years) 44 ± 10 43 ± 9 46 ± 10 0.09 43 ± 9 46 ± 10 0.20

Women 72% 68% 77% 0.43 67% 81% 0.22

Weight (kg) 120 ± 20 119 ± 22 121 ± 17 0.63 84 ± 16* 83 ± 13 85 ± 22 0.17

BMI (kg/m2) 41.5 ± 4.7 41.0 ± 4.8 42.1 ± 4.6 0.33 28.9 ± 4.7* 28.7 ± 4.0 29.5 ± 5.9 0.06

Heart rate (bpm) 74 ± 13 71 ± 12 78 ± 13 0.03 66 ± 10* 64 ± 7 69 ± 12 0.001

Systolic BP (mmHg) 135 ± 9 133 ± 8 137 ± 11 0.05 127 ± 9* 125 ± 8 130 ± 11 0.22

Diastolic BP (mmHg) 87 ± 7 86 ± 6 88 ± 8 0.15 83 ± 5* 82 ± 5 84 ± 7 0.42

Preop hypertension 56% 46% 68% 0.06 47% 73% 0.03

Preop diabetes 19% 12% 27% 0.11 22% 12% 0.36

Medication

 Antihypertensive 32% 31% 35% 0.72 19%† 23% 12% 0.26

 Lipid-lowering 16% 18% 12% 0.44 6%† 8% 0% na

 Antidiabetic 17% 22% 8% 0.11 8%† 10% 4% 0.34

HbA1c (%) 5.90 ± 1.23 5.59 ± 1.04 6.26 ± 1.35 0.03§ 5.40 ± 0.77* 5.40 ± 0.72 5.40 ± 0.87 0.94§

Total cystatin C (µg/
ml) 1.11 ± 0.24 1.08 ± 0.25 1.16 ± 0.23 0.12§ 1.08 ± 0.22 1.10 ± 0.21 1.05 ± 0.22 0.48§

hsCRP (µg/ml) 5.68 ± 4.12 4.48 ± 3.21 7.13 ± 4.51 0.005§ 1.66 ± 1.81* 1.22 ± 1.06 2.51 ± 2.56 0.01§

Calprotectin S100A8 
(µg/ml) 1.15 ± 0.59 1.04 ± 0.56 1.27 ± 0.60 0.08§ 0.84 ± 0.44* 0.83 ± 0.41 0.86 ± 0.51 0.81§

Calprotectin S100A9 
(µg/ml) 0.40 ± 0.19 0.35 ± 0.18 0.46 ± 0.19 0.02§ 0.34 ± 0.19 0.35 ± 0.20 0.34 ± 0.18 0.85§

Total calprotectin 
(ug/ml) 2.03 ± 0.92 1.83 ± 0.86 2.27 ± 0.93 0.04§ 1.64 ± 0.77* 1.64 ± 0.75 1.64 ± 0.82 0.99§

SAA1.1 (µg/ml) 1.10 ± 1.70 0.85 ± 1.19 1.40 ± 2.14 0.09§ 0.50 ± 0.95† 0.30 ± 0.30 0.90 ± 1.53 0.02§

SAA1.3 (µg/ml) 0.27 ± 0.41 0.19 ± 0.28 0.37 ± 0.51 0.03§ 0.13 ± 0.33* 0.07 ± 0.11 0.26 ± 0.52 0.03§

SAA2.1 (µg/ml) 0.42 ± 0.71 0.35 ± 0.69 0.50 ± 0.74 0.40§ 0.18 ± 0.31* 0.11 ± 0.14 0.30 ± 0.48 0.02§

SAA2.2 (µg/ml) 0.17 ± 0.32 0.11 ± 0.23 0.24 ± 0.41 0.05§ 0.09 ± 0.18* 0.05 ± 0.08 0.16 ± 0.28 0.04§

Total SAA (µg/ml) 3.79 ± 5.29 3.17 ± 4.67 4.55 ± 5.94 0.23§ 1.75 ± 2.95† 1.05 ± 1.08 3.12 ± 4.61 0.01§
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sexes (Table 3). Compared to patients with persistently normal MWS, women with persistently low MWS had 
higher preoperative serum calprotectin S100A9, and men with persistently low MWS had higher preoperative 
serum SAA (both p < 0.05).

Risk index for postoperative LV dysfunction
In logistic regression analysis, low LV MWS 1 year after surgery was significantly associated with the following 
preoperative features: hypertension, female sex, low LV EF and hsCRP in the highest tertile (above 5.9 µg/ml) 
(− 2 Log likelihood 72.2, Nagelkerke  R2 0.38, p = 0.01 for the overall model) (Fig. 3).

In a similar regression analysis, substituting high hsCRP with high SAA (i.e. above 4.2 µg/ml), SAA was also 
independently related to low 1-year MWS (− 2 Log likelihood 71.4, Nagelkerke  R2 0.39, p = 0.01 for the overall 
model, Fig. 3).

In a third regression model, replacing hsCRP and SAA with serum calprotectin S1009, the latter was not 
statistically significant (p = 0.07). In subsequent analyses, age, preoperative BMI or diabetes, surgery-induced 
reduction in BMI, as well as use of antihypertensive, antidiabetic and cholesterol lowering drug treatment did 
not independently predict low 1-year MWS.

Two risk indexes for low 1-year MWS were developed based on the identified preoperative predictors: sex, 
hypertension, EF and elevated hsCRP (risk index 1) or elevated SAA (risk index 2) (Fig. 3). In ROC analyses, both 
models had good discriminating power with AUC of 0.80 and 0.79, respectively (Fig. 4). A risk index 1 above 33 
identified patients with low 1-year MWS with 81% sensitivity and 71% specificity, while a risk index 2 above 32 
distinguished patients with low 1-year MWS with 77% sensitivity and 77% specificity (Fig. 4).

Discussion
Middle-aged patients with severe obesity and without known cardiac disease have an unfavorable CV risk profile 
and often abnormal cardiac mechanics. In 44% of these patients, LV mechanics remains low 1 year after bariat-
ric surgery despite large weight  loss12. Contrary to this evidence, multiple national guidelines for screening of 
patients with severe obesity referred to bariatric surgery, including the Norwegian guidelines, do not recommend 
a preoperative cardiological examination. In this subanalysis of the Bariatric Surgery on the West Coast of Nor-
way study, we analyzed factors associated with impaired LV mechanics after surgery using combined preoperative 

Table 2.  Echocardiographic characteristics of the whole study population and in patients with normal vs. low 
LV MWS preoperatively and 1 year after bariatric surgery. EF ejection fraction, GLS global longitudinal strain, 
LV left ventricle, MWS midwall shortening, na not applicable. P values in the last column indicate the level 
of significance when comparing patients with normal vs. low MWS preoperatively or 1 year after surgery and 
are based on independent-samples t tests for normally distributed variables, and bootstrap t tests (indicated 
by §) for not-normally distributed variables. *p < 0.001 indicates the level of significance when comparing 
preoperative and postoperative values in the whole population by paired-samples t tests for normally 
distributed variables and by paired bootstrap t tests for not-normally distributed variables.

Baseline 1-year follow-up

Total cohort (n = 75)
Normal MWS 
(n = 41) Low MWS (n = 34) P value Total cohort (n = 75)

Normal MWS 
(n = 49) Low MWS (n = 26) P value

LV end-diastolic 
diameter (cm) 5.11 ± 0.40 5.20 ± 0.34 5.00 ± 0.44 0.03 4.95 ± 0.43* 5.05 ± 0.38 4.77 ± 0.46 0.007

LV end-systolic 
diameter (cm) 3.43 ± 0.39 3.37 ± 0.39 3.52 ± 0.38 0.10 3.35 ± 0.34 3.31 ± 0.28 3.44 ± 0.44 0.12

LV end-diastolic 
volume (mL) 120 ± 32 122 ± 32 117 ± 31 0.43 135 ± 30* 137 ± 30 131 ± 31 0.39

LV mass index (g/
m2.7) 46 ± 13 43 ± 10 49 ± 15 0.02§ 40 ± 11* 39 ± 11 40 ± 12 0.72§

LV hypertrophy 40% 32% 50% 0.11 21%* 18% 27% 0.40

Relative wall thick-
ness 0.33 ± 0.06 0.30 ± 0.05 0.36 ± 0.07 < 0.001§ 0.34 ± 0.07 0.32 ± 0.05 0.38 ± 0.08 < 0.001§

Pericardial fat (mm) 12.7 ± 3.9 12.0 ± 3.7 13.5 ± 4.1 0.10§ 10.2 ± 3.1* 9.9 ± 2.9 10.5 ± 3.3 0.42§

LV EF (%) 61 ± 6 61 ± 6 61 ± 6 0.72 60 ± 6 60 ± 6 59 ± 5 0.33

Low EF 8% 7% 9% 1.00 10% 4% 21% 0.02

Stroke volume (mL) 99 ± 30 99 ± 23 98 ± 38 0.90§ 101 ± 20 103 ± 19 96 ± 22 0.17§

MWS (%) 16.0 ± 2.6 17.7 ± 2.1 13.9 ± 1.4 na 16.2 ± 2.6 17.5 ± 2.0 13.6 ± 1.5 na

GLS (%) − 15.6 ± 4.9 − 15.7 ± 4.9 − 15.6 ± 4.8 0.95 − 20.2 ± 2.5* − 20.6 ± 2.6 − 19.4 ± 2.2 0.05

Low GLS 61% 58% 63% 0.67 13%* 14% 13% 0.84

LV mass-wall stress-
heart rate product 
(×  106 g kdyne/cm2 
bpm)

1.68 ± 0.60 1.49 ± 0.57 1.90 ± 0.57 0.004§ 1.16 ± 0.42* 1.06 ± 0.32 1.34 ± 0.53 0.007§

High LV mass-wall 
stress-heart rate 
product

33% 24% 44% 0.071 7%* 2% 15% 0.03
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Figure 1.  Preoperative serum concentration of inflammatory proteins in patients with persistently normal 
MWS, normal preoperative MWS and low postoperative MWS, low preoperative MWS that normalized 
postoperatively, and persistently low MWS. *p-values are based on one-way ANOVA.
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assessment of comorbidities, routine echocardiography and inflammatory serum proteins. Our results pointed 
out women with obesity, hypertension, higher levels of chronic inflammation (particularly increased hsCRP or 
SAA) and impaired preoperative LV EF as the patients at the highest postoperative risk, suggesting that this group 
needs stricter CV risk control and may benefit from integrated cardiological follow-up after surgery.

Inflammatory proteins and cardiac function in severe obesity
Obesity is characterized by chronic low-grade  inflammation19,27. The large adipose tissue volume present in 
individuals with severe obesity creates a pro-inflammatory milieu as a consequence of macrophage and T-cell 
infiltration, accumulation of pro-inflammatory cytokines and ultimately insulin resistance and dysregulation 
of glucose and lipid  metabolism28. However, the level of inflammation varies between people with obesity. A 
metabolically healthy obesity phenotype, characterized by low levels of serum inflammatory markers has been 
previously  described29. In patients that are metabolically “unhealthy” with higher levels of circulating inflamma-
tory proteins, it has been uncertain whether inflammation contributes to impaired cardiac function.

We have earlier shown that half of middle-aged patients with severe obesity and no clinical cardiac disease 
have impaired cardiac mechanics as indicated by  MWS12. MWS has been proven to be prognostically important 
in different cardiac overload conditions and is depressed in systemic inflammatory diseases such as hypertension 
and rheumatoid  arthritis30. The association between levels of circulating inflammatory proteins and impaired 
MWS however has not been thoroughly investigated. One previous report from Taiwan found in a retrospec-
tive analysis of 1071 subjects recruited from the general population an association between mildly increased 
hsCRP and low LV MWS in  women31. In our cohort with severe obesity, both well-established (hsCRP and total 
calprotectin) as well as more novel inflammatory proteins (including calprotectin subunit S100A9 and several 
amyloid isoforms) were significantly higher in serum from patients with low midwall mechanics, a group with 
comparable BMI and EF, but higher clustering of traditional CV risk factors (including hypertension and dia-
betes) compared to patients with preserved LV MWS. Interestingly, hsCRP was highest in women with the most 
severe degree of obesity, and this group also had the highest preoperative prevalence of low MWS. These find-
ings link inflammatory proteomics to impaired midwall cardiac mechanics in individuals with a metabolically 
“unhealthy” obesity phenotype.

Figure 2.  Preoperative serum concentration of inflammatory proteins according to preoperative BMI in 
patients with low vs. normal 1-year postoperative MWS. *p-values are based on bootstrap t-test.

Table 3.  Comparison between circulating inflammatory proteins in women and men preoperatively and 
1 year after bariatric surgery. The serum concentration of inflammatory proteins is presented for hsCRP, total 
calprotectin and calprotectin subunits S100A8 and S100A9, as well as for total SAA. hsCRP high-sensitivity 
C-reactive protein, SAA serum amyloid A. P values in the last column indicate the level of significance when 
comparing baseline vs. 1-year values in women and separately in men by paired bootstrap t tests.

Women (n = 54) Men (n = 21)

Baseline 1-year follow-up P value Baseline 1-year follow-up P value

hsCRP (µg/ml) 5.87 ± 4.00 1.81 ± 1.95 < 0.001 5.18 ± 4.53 1.31 ± 1.40 < 0.001

Calprotectin S100A8 (µg/ml) 1.13 ± 0.58 0.89 ± 0.47 0.01 1.18 ± 0.62 0.71 ± 0.35 < 0.001

Calprotectin S100A9 (µg/ml) 0.41 ± 0.19 0.35 ± 0.19 0.32 0.39 ± 0.19 0.34 ± 0.22 0.19

Total calprotectin (µg/ml) 2.02 ± 0.91 1.70 ± 0.77 0.07 2.04 ± 0.94 1.50 ± 0.75 0.004

Total SAA (µg/ml) 3.28 ± 3.06 1.80 ± 2.90 0.04 5.10 ± 8.73 1.65 ± 3.17 0.03
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At risk preoperative phenotype and postoperative cardiac dysfunction
Bariatric surgery improves CV risk profile and  outcomes32. However, it does not normalize cardiac mechanics 
in all patients, particularly not in the radial direction. After stepwise testing of multiple risk factors, we have 
identified female sex, hypertension, low preoperative EF and increased preoperative serum hsCRP or SAA as 
strongly associated with higher risk of LV dysfunction 1 year after bariatric surgery. Low EF was chosen due 
to its predictive value and because it is part of every standard echocardiography, including focused protocols. 
Integration of these factors in a risk index discriminated well between patients with normal and impaired func-
tion postoperatively. Of note, a standard preoperative echocardiography was more prognostically important 
in our patients than screening with ECG alone, as no preoperative ECG marker of atrial or ventricular activity 
predicted postoperative cardiac dysfunction.

Changes in cardiac mechanics after bariatric surgery have not been previously studied in detail in relation 
to the preoperative level of inflammation. We demonstrate that patients with low 1-year LV MWS had higher 
baseline concentration of hsCRP and SAA at all BMI levels. Of note, a gradient was observed in the preoperative 
levels of hsCRP and calprotectin unit S100A9, from patients with persistently normal MWS (lowest levels) to 
patients with persistently impaired MWS (highest levels), confirming the consistency of the relationship between 
chronic inflammation and low midwall mechanics. In experimental models, increased SAA has been shown to 
stimulate cardiac fibrosis by increasing the effects of transforming growth factor β on cardiac  fibroblasts33. In a 
substudy from MESA (Multi-Ethnic Study of Atherosclerosis) on 772 participants free of CV disease and with an 
average BMI of 28 kg/m2, serum hsCRP as well as the pro-inflammatory cytokine interleukin 6 were both associ-
ated with increased interstitial myocardial fibrosis by cardiac magnetic resonance in  men34. Taken together, these 

Figure 3.  Forests plots showing the odds ratios (OR) with 95% CIs for the variables associated with low 1-year 
MWS in two logistic regression models (A and B). The risk score built on each of the logistic regression model is 
presented under the respective panel.
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studies suggest a possible mechanistic link between chronic inflammation in severe obesity, adverse myocardial 
structural remodeling, and impaired midwall mechanics after bariatric surgery.

Traditional CV risk factors and in particular hypertension before bariatric surgery predicted a high risk of low 
1-year MWS in our population after multiple adjustments. Several experimental and clinical studies have pointed 
out the role of chronic inflammation in the development and progression of hypertension, and concomitant 
hypertension and increased BMI have also earlier been shown to be detrimental for LV midwall  function35,36. 
Low EF was present in a low proportion of patients preoperatively, but was the predictor strongest related to low 
postoperative midwall mechanics, reflecting a more advanced stage of myocardial disease.

Despite earlier evidence that women have a better preserved midwall function in chronic overload conditions 
such as  hypertension37 and aortic stenosis, our study found that women with severe obesity more frequently 
experienced impaired MWS 1 year after bariatric surgery. It is well documented that the distribution of adipose 
tissue is sex-specific, with women presenting more subcutaneous and less visceral fat than men. The subcutane-
ous adipose tissue volume has very recently been shown to be associated with the level of circulating leukocytes 
and many inflammatory proteins in women, but not in men living with  obesity38. This challenges the concept 
of subcutaneous adipose tissue as benign and shows that it can induce systemic inflammation and further car-
diometabolic complications, particularly in women. A cardiac magnetic resonance study found an association 
between the amount of pericardial fat surrounding the left ventricle and cardiac function in women with obesity, 
suggesting a local detrimental effect of pericardial fat on the LV myocardium that might be sex-specific39. The 
expression of calprotectin subunit S100A9 is increased in people with obesity in whom it promotes inflammation 
in the epicardial  fat40. In mice, overexpression of S100A9 in the cardiomyocytes is linked to reduced calcium 
flux and depressed LV  EF41. In our study, preoperative serum S100A9 was overall not independently associated 
with impaired LV mechanics after surgery, but had higher values in women with persistently low vs persistently 
normal 1-year MWS. Further research on the mechanisms behind sex-specific changes in cardiac mechanics 
after bariatric surgery is needed.

Clinical implications
Impaired LV function is common in patients undergoing bariatric surgery for severe obesity. Understanding the 
consequences of bariatric surgery on cardiac mechanics and identifying the patients who require closer post-
operative follow-up is therefore highly clinically relevant. We propose a simple, pragmatic risk score composed 
of four variables as an easy-to-use tool in the preoperative screening of these patients. The risk index requires 
clinical profiling, measurement of one inflammatory protein and a focused echocardiography with assessment of 
LV EF. We encourage referral to a preoperative cardiac examination, stricter risk factors control and cardiologi-
cal follow-up of patients with cardiac dysfunction, in particular women with obesity, hypertension and higher 
levels of inflammatory markers.

Study limitations
The proposed risk index has been constructed based on findings in the Bariatric Surgery on the West Coast 
of Norway population and should be further validated in an external cohort. Serum samples for analysis of 

Figure 4.  Receiver Operating Characteristic analyses for the association between preoperative risk index 1 
(hsCRP-based, orange line) and risk index 2 (SAA-based, blue line) and low 1-year postoperative LV MWS. The 
discriminating power of each risk index is indicated by the area under curve (AUC) with 95% CI. Cut-off values 
with best sensitivity and 1-specificity are indicated for each risk core.
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inflammatory proteins were available in 76 out of the 123 patients included in the study. Still novel and sig-
nificant associations between inflammatory proteomics and impaired LV mechanics was demonstrated. More 
women than men were recruited in the Bariatric Surgery on the West Coast of Norway study, similar to the sex 
distribution seen in other bariatric surgery cohorts. Statistically, this might have influenced the ability to detect 
sex differences in some inflammatory protein isoforms. However, the study was sufficiently powered to identify 
female sex as a significant prognosticator of 1-year postoperative cardiac dysfunction and consequently sex was 
included in the proposed risk index.

Conclusion
One-third of patients with severe obesity and in particular women with hypertension, higher level of inflamma-
tion and reduced EF, have impaired LV midwall mechanics 1 year after bariatric surgery. Preoperative assessment 
by combined echocardiography and measurement of circulating inflammatory proteins may be useful in the 
routine evaluation of patients referred to bariatric surgery.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.

Received: 24 August 2023; Accepted: 22 January 2024

References
 1. Chong, B. et al. The global syndemic of metabolic diseases in the young adult population: A consortium of trends and projections 

from the Global Burden of Disease 2000–2019. Metabolism 141, 155402. https:// doi. org/ 10. 1016/j. metab ol. 2023. 155402 (2023).
 2. World Obesity Federation, World Obesity Atlas. https:// data. world obesi ty. org/ publi catio ns/? cat= 19 (2023).
 3. Yusuf, S. et al. Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the INTERHEART 

study): Case–control study. Lancet 364, 937–952. https:// doi. org/ 10. 1016/ S0140- 6736(04) 17018-9 (2004).
 4. Fliotsos, M. et al. Body mass index from early-, mid-, and older-adulthood and risk of heart failure and atherosclerotic cardiovas-

cular disease: MESA. J. Am. Heart Assoc. 7, e009599. https:// doi. org/ 10. 1161/ JAHA. 118. 009599 (2018).
 5. Grymyr, L. M. D. et al. Left ventricular myocardial oxygen demand and subclinical dysfunction in patients with severe obesity 

referred for bariatric surgery. Nutr. Metab. Cardiovasc. Dis. 31, 666–674. https:// doi. org/ 10. 1016/j. numecd. 2020. 10. 009 (2021).
 6. Dai, H. et al. The global burden of disease attributable to high body mass index in 195 countries and territories, 1990–2017: An 

analysis of the Global Burden of Disease Study. PLoS Med. 17, e1003198. https:// doi. org/ 10. 1371/ journ al. pmed. 10031 98 (2020).
 7. Forebygging, utredning og behandling av overvekt og fedme hos voksne. https:// www. helse bibli oteket. no/ innho ld/ nasjo nal- faglig- 

retni ngsli nje/ overv ekt- og- fedme- hos- voksne (2011).
 8. Di Lorenzo, N. et al. Clinical practice guidelines of the European Association for Endoscopic Surgery (EAES) on bariatric surgery: 

Update 2020 endorsed by IFSO-EC, EASO and ESPCOP. Surg. Endosc. 34, 2332–2358. https:// doi. org/ 10. 1007/ s00464- 020- 07555-y 
(2020).

 9. Garvey, W. T. et al. American Association of Clinical Endocrinologists and American College of Endocrinology comprehensive 
clinical practice guidelines for medical care of patients with obesity executive summary. Endocr. Pract. 22, 842–884. https:// doi. 
org/ 10. 4158/ EP161 356. ESGL (2016).

 10. Benraouane, F. & Litwin, S. E. Reductions in cardiovascular risk after bariatric surgery. Curr. Opin. Cardiol. 26, 555–561. https:// 
doi. org/ 10. 1097/ HCO. 0b013 e3283 4b7fc4 (2011).

 11. Sundstrom, J. et al. Weight loss and heart failure: A nationwide study of gastric bypass surgery versus intensive lifestyle treatment. 
Circulation 135, 1577–1585. https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 116. 025629 (2017).

 12. Grymyr, L. M. D. et al. One-year impact of bariatric surgery on left ventricular mechanics: Results from the prospective FatWest 
study. Eur. Heart J. Open 1, oeab024. https:// doi. org/ 10. 1093/ ehjop en/ oeab0 24 (2021).

 13. Ellulu, M. S., Patimah, I., Khaza’ai, H., Rahmat, A. & Abed, Y. Obesity and inflammation: The linking mechanism and the com-
plications. Arch Med. Sci. 13, 851–863. https:// doi. org/ 10. 5114/ aoms. 2016. 58928 (2017).

 14. Johnson, B. D. et al. Serum amyloid A as a predictor of coronary artery disease and cardiovascular outcome in women: The National 
Heart, Lung, and Blood Institute-Sponsored Women’s Ischemia Syndrome Evaluation (WISE). Circulation 109, 726–732. https:// 
doi. org/ 10. 1161/ 01. CIR. 00001 15516. 54550. B1 (2004).

 15. Kosuge, M. et al. Serum amyloid A is a better predictor of clinical outcomes than C-reactive protein in non-ST-segment elevation 
acute coronary syndromes. Circ. J. 71, 186–190. https:// doi. org/ 10. 1253/ circj. 71. 186 (2007).

 16. Ogasawara, K. et al. A serum amyloid A and LDL complex as a new prognostic marker in stable coronary artery disease. Athero-
sclerosis 174, 349–356. https:// doi. org/ 10. 1016/j. ather oscle rosis. 2004. 01. 030 (2004).

 17. Avan, A. et al. Serum C-reactive protein in the prediction of cardiovascular diseases: Overview of the latest clinical studies and 
public health practice. J. Cell Physiol. 233, 8508–8525. https:// doi. org/ 10. 1002/ jcp. 26791 (2018).

 18. Carrero, J. J., Andersson Franko, M., Obergfell, A., Gabrielsen, A. & Jernberg, T. hsCRP level and the risk of death or recurrent 
cardiovascular events in patients with myocardial infarction: A healthcare-based study. J. Am. Heart Assoc. 8, e012638. https:// 
doi. org/ 10. 1161/ JAHA. 119. 012638 (2019).

 19. Catalan, V. et al. Increased levels of calprotectin in obesity are related to macrophage content: Impact on inflammation and effect 
of weight loss. Mol. Med. 17, 1157–1167. https:// doi. org/ 10. 2119/ molmed. 2011. 00144 (2011).

 20. Kovac, N. et al. Markers of subclinical atherosclerosis in severe obesity and one year after bariatric surgery. J. Clin. Med. https:// 
doi. org/ 10. 3390/ jcm11 082237 (2022).

 21. American Diabetes, A. Diagnosis and classification of diabetes mellitus. Diabetes Care 34(Suppl 1), S62-69. https:// doi. org/ 10. 
2337/ dc11- S062 (2011).

 22. Gao, J., Meyer, K., Borucki, K. & Ueland, P. M. Multiplex immuno-MALDI-TOF MS for targeted quantification of protein biomark-
ers and their proteoforms related to inflammation and renal dysfunction. Anal. Chem. 90, 3366–3373. https:// doi. org/ 10. 1021/ acs. 
analc hem. 7b049 75 (2018).

 23. Lang, R. M. et al. Recommendations for cardiac chamber quantification by echocardiography in adults: An update from the Ameri-
can Society of Echocardiography and the European Association of Cardiovascular Imaging. Eur. Heart J. Cardiovasc. Imaging 16, 
233–270. https:// doi. org/ 10. 1093/ ehjci/ jev014 (2015).

 24. Cramariuc, D. et al. Prognostic impact of impaired left ventricular midwall function during progression of aortic stenosis. Echo-
cardiography 38, 31–38. https:// doi. org/ 10. 1111/ echo. 14916 (2021).

https://doi.org/10.1016/j.metabol.2023.155402
https://data.worldobesity.org/publications/?cat=19
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1161/JAHA.118.009599
https://doi.org/10.1016/j.numecd.2020.10.009
https://doi.org/10.1371/journal.pmed.1003198
https://www.helsebiblioteket.no/innhold/nasjonal-faglig-retningslinje/overvekt-og-fedme-hos-voksne
https://www.helsebiblioteket.no/innhold/nasjonal-faglig-retningslinje/overvekt-og-fedme-hos-voksne
https://doi.org/10.1007/s00464-020-07555-y
https://doi.org/10.4158/EP161356.ESGL
https://doi.org/10.4158/EP161356.ESGL
https://doi.org/10.1097/HCO.0b013e32834b7fc4
https://doi.org/10.1097/HCO.0b013e32834b7fc4
https://doi.org/10.1161/CIRCULATIONAHA.116.025629
https://doi.org/10.1093/ehjopen/oeab024
https://doi.org/10.5114/aoms.2016.58928
https://doi.org/10.1161/01.CIR.0000115516.54550.B1
https://doi.org/10.1161/01.CIR.0000115516.54550.B1
https://doi.org/10.1253/circj.71.186
https://doi.org/10.1016/j.atherosclerosis.2004.01.030
https://doi.org/10.1002/jcp.26791
https://doi.org/10.1161/JAHA.119.012638
https://doi.org/10.1161/JAHA.119.012638
https://doi.org/10.2119/molmed.2011.00144
https://doi.org/10.3390/jcm11082237
https://doi.org/10.3390/jcm11082237
https://doi.org/10.2337/dc11-S062
https://doi.org/10.2337/dc11-S062
https://doi.org/10.1021/acs.analchem.7b04975
https://doi.org/10.1021/acs.analchem.7b04975
https://doi.org/10.1093/ehjci/jev014
https://doi.org/10.1111/echo.14916


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:2173  | https://doi.org/10.1038/s41598-024-52623-1

www.nature.com/scientificreports/

 25. Sugimoto, T. et al. Echocardiographic reference ranges for normal left ventricular 2D strain: Results from the EACVI NORRE 
study. Eur. Heart J. Cardiovasc. Imaging 18, 833–840. https:// doi. org/ 10. 1093/ ehjci/ jex140 (2017).

 26. Gerdts, E. et al. Higher left ventricular mass-wall stress-heart rate product and outcome in aortic valve stenosis. Heart 105, 
1629–1633. https:// doi. org/ 10. 1136/ heart jnl- 2018- 314462 (2019).

 27. Brooks, G. C., Blaha, M. J. & Blumenthal, R. S. Relation of C-reactive protein to abdominal adiposity. Am. J. Cardiol. 106, 56–61. 
https:// doi. org/ 10. 1016/j. amjca rd. 2010. 02. 017 (2010).

 28. Weisberg, S. P. et al. Obesity is associated with macrophage accumulation in adipose tissue. J. Clin. Invest. 112, 1796–1808. https:// 
doi. org/ 10. 1172/ JCI19 246 (2003).

 29. Barbarroja, N. et al. The obese healthy paradox: Is inflammation the answer?. Biochem. J. 430, 141–149. https:// doi. org/ 10. 1042/ 
BJ201 00285 (2010).

 30. de Simone, G. et al. Midwall left ventricular mechanics. An independent predictor of cardiovascular risk in arterial hypertension. 
Circulation 93, 259–265. https:// doi. org/ 10. 1161/ 01. cir. 93.2. 259 (1996).

 31. Lai, Y. H. et al. Independent effects of body fat and inflammatory markers on ventricular geometry, midwall function, and atrial 
remodeling. Clin. Cardiol. 37, 172–177. https:// doi. org/ 10. 1002/ clc. 22242 (2014).

 32. Moussa, O. et al. Effect of bariatric surgery on long-term cardiovascular outcomes: A nationwide nested cohort study. Eur. Heart 
J. 41, 2660–2667. https:// doi. org/ 10. 1093/ eurhe artj/ ehaa0 69 (2020).

 33. Xiao, Y. et al. SAA1 deficiency alleviates cardiac remodeling by inhibiting NF-kappaB/p38/JNK and TGFbeta/Smad pathways. 
FASEB J. 37, e22911. https:// doi. org/ 10. 1096/ fj. 20220 1506R (2023).

 34. Marques, M. D. et al. Association between inflammatory markers and myocardial fibrosis. Hypertension 72, 902–908. https:// doi. 
org/ 10. 1161/ HYPER TENSI ONAHA. 118. 11463 (2018).

 35. Herfindal, B. et al. Concomitant hypertension is associated with abnormal left ventricular geometry and lower systolic myocardial 
function in overweight participants: The FAT associated CardiOvasculaR dysfunction study. J. Hypertens. 38, 1158–1164. https:// 
doi. org/ 10. 1097/ HJH. 00000 00000 002397 (2020).

 36. Solak, Y. et al. Hypertension as an autoimmune and inflammatory disease. Hypertens. Res. 39, 567–573. https:// doi. org/ 10. 1038/ 
hr. 2016. 35 (2016).

 37. Gerdts, E., Zabalgoitia, M., Bjornstad, H., Svendsen, T. L. & Devereux, R. B. Gender differences in systolic left ventricular function 
in hypertensive patients with electrocardiographic left ventricular hypertrophy (the LIFE study). Am. J. Cardiol. 87, 980-983.A984. 
https:// doi. org/ 10. 1016/ s0002- 9149(01) 01433-3 (2001).

 38. van den Munckhof, I. C. L. et al. Sex-specific association of visceral and subcutaneous adipose tissue volumes with systemic inflam-
mation and innate immune cells in people living with obesity. Int. J. Obes. (Lond.). https:// doi. org/ 10. 1038/ s41366- 023- 01444-9 
(2023).

 39. Hua, N. et al. The influence of pericardial fat upon left ventricular function in obese females: Evidence of a site-specific effect. J. 
Cardiovasc. Magn. Reson. 16, 37. https:// doi. org/ 10. 1186/ 1532- 429X- 16- 37 (2014).

 40. Agra, R. M., Fernandez-Trasancos, A., Sierra, J., Gonzalez-Juanatey, J. R. & Eiras, S. Differential association of S100A9, an inflam-
matory marker, and p53, a cell cycle marker, expression with epicardial adipocyte size in patients with cardiovascular disease. 
Inflammation 37, 1504–1512. https:// doi. org/ 10. 1007/ s10753- 014- 9876-3 (2014).

 41. Boyd, J. H., Kan, B., Roberts, H., Wang, Y. & Walley, K. R. S100A8 and S100A9 mediate endotoxin-induced cardiomyocyte dysfunc-
tion via the receptor for advanced glycation end products. Circ. Res. 102, 1239–1246. https:// doi. org/ 10. 1161/ CIRCR ESAHA. 107. 
167544 (2008).

Author contributions
Doctors L.M.D.G., E.G., B.G.N. and D.C. were involved in the conception and design. Doctors L.M.D.G., G.M., 
A.M., K.M., S.N., J.F. and D.C. were involved in the acquisition, analysis and interpretation of data. All coauthors 
have revised the manuscript critically and approved it for submission.

Funding
Open access funding provided by University of Bergen. The Bariatric Surgery on the West Coast of Norway study 
was funded by grants from the Regional Health Authorities in Western Norway and Department of Medicine, 
Haugesund Hospital. Dr Cramariuc has received clinical researcher funds and open project support from the 
Regional Health Authorities in Western Norway (project numbers F-12557 and F-12615). The funding sources 
have not been involved in the study design, in the collection, analysis and interpretation of data, in the writing 
of the present article or in the decision to submit the article for publication.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 52623-1.

Correspondence and requests for materials should be addressed to D.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1093/ehjci/jex140
https://doi.org/10.1136/heartjnl-2018-314462
https://doi.org/10.1016/j.amjcard.2010.02.017
https://doi.org/10.1172/JCI19246
https://doi.org/10.1172/JCI19246
https://doi.org/10.1042/BJ20100285
https://doi.org/10.1042/BJ20100285
https://doi.org/10.1161/01.cir.93.2.259
https://doi.org/10.1002/clc.22242
https://doi.org/10.1093/eurheartj/ehaa069
https://doi.org/10.1096/fj.202201506R
https://doi.org/10.1161/HYPERTENSIONAHA.118.11463
https://doi.org/10.1161/HYPERTENSIONAHA.118.11463
https://doi.org/10.1097/HJH.0000000000002397
https://doi.org/10.1097/HJH.0000000000002397
https://doi.org/10.1038/hr.2016.35
https://doi.org/10.1038/hr.2016.35
https://doi.org/10.1016/s0002-9149(01)01433-3
https://doi.org/10.1038/s41366-023-01444-9
https://doi.org/10.1186/1532-429X-16-37
https://doi.org/10.1007/s10753-014-9876-3
https://doi.org/10.1161/CIRCRESAHA.107.167544
https://doi.org/10.1161/CIRCRESAHA.107.167544
https://doi.org/10.1038/s41598-024-52623-1
https://doi.org/10.1038/s41598-024-52623-1
www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2173  | https://doi.org/10.1038/s41598-024-52623-1

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	Preoperative risk factors associated with left ventricular dysfunction after bariatric surgery
	Methods
	Study design
	Biobank analyses
	ECG measurements
	Echocardiographic measurements
	LV structure
	Left ventricular function and mechanics

	Statistical analyses

	Results
	Preoperative LV function and inflammation
	Postoperative LV function and inflammation
	Sex and inflammation in severe obesity and after bariatric surgery
	Risk index for postoperative LV dysfunction

	Discussion
	Inflammatory proteins and cardiac function in severe obesity
	At risk preoperative phenotype and postoperative cardiac dysfunction
	Clinical implications
	Study limitations

	Conclusion
	References


