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a b s t r a c t 

Repeated weight loss cycles are associated with increased cardiovascular morbidity. Meal- 

induced thrombin formation, measured as prothrombin fragment 1 + 2 (F1 + 2), is observed 

in individuals with overweight after weight loss, and postprandial effects can be one of 

the mechanisms underlying harmful effects during intentional weight loss. We hypothe- 

size that consumption of high-fat meals during intentional weight loss triggers a prothrom- 

botic state by increasing postprandial F1 + 2 or decreasing fibrin clot lysis in individuals with 

obesity, and that the response associates with the gut bacteria composition. A cross-over 

meal study was conducted in patients admitted to bariatric surgery during dietary weight 

loss ( N = 20) and surgical weight loss ( N = 16) (weight loss groups). High-fat (67 E%) and 

low-fat (16 E%) meals were served at 08:15 and 10:00 on 2 study days. Blood samples col- 

lected at 08:00 (fasting), 12:00, and 14:00 were analyzed for triglycerides, activated factor VII 

(FVIIa), F1 + 2, D-dimer, fibrinogen, tissue factor , and fibrin clot lysis. The proportion of Gram- 

Abbreviation: FVIIa, activated factor VII; BMI, body mass index; CVD, cardiovascular disease; CV, coefficients of variation; CI, confi- 
dence interval; CRP, C-Reactive protein; ELISA, enzyme-linked immunosorbent assay; GI, gastrointestinal tract; IL-6, interleukin-6; IL-8, 
interleukin-8; IQR, interquartile ranges; kJ, kilojoule; LPS, lipopolysaccharide; LBP, lipopolysaccharide binding protein; LOCI, luminescent 
oxygen channeling assay; F1+2, prothrombin fragment 1+2; rt-PA, recombinant tissue plasminogen activator; SEM, standard error of mean; 
16S rRNA, 16S ribosomal RNA; TF, tissue factor; TFPI, Tissue factor pathway inhibitor; TGF- β, Transforming growth factor beta. 
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negative bacteria and bacterial diversity were analyzed in fecal samples obtained less than 

24 hours before the meal test. Triglyceride and FVIIa increased after high-fat meals in both 

weight loss groups, whereas D-dimer (dietary group) and F1 + 2 decreased and tissue factor 

and fibrin clot lysis did not change. There was a negative association between the propor- 

tion of Gram-negative bacteria and changes in FVIIa in the surgery group. Postprandial FVII 

activation after high-fat meals is not accompanied by increased F1 + 2, irrespective of the 

weight loss intervention, but might be associated with the proportion of Gram-negative gut 

bacteria. 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Intentional weight loss achieved by lifestyle changes, medi-
cations, or surgical procedures improves metabolic health in
individuals with obesity by beneficial effects on blood pres-
sure, dyslipidemia, and glycemic control [1–4] . Despite this,
more than 25 years of research exploring the long-term ef-
fects of intentional weight loss on mortality have reached di-
verse conclusions [5–12] . Intentional weight loss associates
with no beneficial effects on mortality in one study [7] , and
in other studies weight loss associates with increased mortal-
ity [8–13] mainly due to cardiovascular disease (CVD) [ 10 ,13 ].
Repeated weight loss cycles associate with both increased
cardiovascular morbidity and mortality independent of tradi-
tional risk factors such as hypertension, diabetes, smoking,
and blood lipids [13] . This can be due to unknown harmful
effects of intentional weight loss or rebound weight gain ex-
ceeding the beneficial effects of intentional weight loss under
certain circumstances, but we need more knowledge to un-
derstand underlying mechanisms explaining possible harm-
ful effects. 

CVD is caused in part by atherosclerosis and thrombosis,
especially during rupture of atherosclerotic plaques in the
blood vessels leading to a disturbed hemostatic balance with
increased coagulation activation and fibrin formation [ 14 ,15 ].
To our knowledge, the beneficial effects of intentional weight
loss on the hemostatic balance have only been documented
in the fasting state [16–18] , but people spend most of their
time in the nonfasting state. Postprandial activation of coag-
ulation factor VII (FVII) takes place acutely after the intake of
high-fat meals [19] , but this is not accompanied by increased
thrombin formation in individuals with normal-weight [20–
23] or weight-stable, severe obesity [24] . However, we observed
a postprandial increase in prothrombin fragment 1 + 2 (F1 + 2)
and D-dimer, markers of endogenous thrombin formation and
fibrin clot lysis, in a weight loss maintenance study, where par-
ticipants lost > 8% of their body weight during 8 weeks [25] . 

During weight loss, the body enters a negative energy
balance due to calorie restriction. This activates lipolysis in
adipocytes, increases beta-oxidation of free fatty acids, and
changes expression of genes regulating energy metabolism
and adipose tissue [26–28] . Weight loss associates with shrink-
age of adipocytes followed by mechanical, cellular stress and
inflammation of adipose tissue [ 28 ,29 ]. Ingestion of high-fat
meals during ongoing intentional weight loss may favor the
prothrombotic state due to chronic inflammation induced by
obesity and the catabolic stress. This can be further enhanced
by increased postprandial uptake of lipopolysaccharide (LPS)
from the gram-negative bacteria of the gut microbiota [ 30 ,31 ].
Markers of inflammation, such as interleukin-6 (IL-6) and LPS,
may stimulate monocyte tissue factor (TF) expression thereby
initiating the TF pathway of coagulation [32–35] . 

Intentional intermittent weight loss is a common phe-
nomenon in individuals with overweight and obesity. Bariatric
surgery is the most effective treatment of obesity [36] , and
patients admitted to bariatric surgery is therefore an appro-
priate model to study effects of a rapid ongoing weight loss.
Patients must accomplish a weight loss of 8% of total body
weight within 3 to 6 months prior to surgery, while surgery in
itself results in a rapid weight loss between 20% and 32% of
the total body weight within the following 6 months [ 3 ,37 ]. 

Postprandial changes in coagulation activation, thrombin
formation, and fibrin clot lysis could be important for the
risk of thrombosis during ongoing weight loss. We hypoth-
esize that consumption of high-fat meals during intentional
weight loss triggers a prothrombotic state. The present study
aims to determine whether high-fat meals compared with
low-fat meals affect postprandial thrombin formation and fib-
rin clot lysis in individuals with severe obesity during inten-
tional weight loss. Further, we determine if the meal-induced
responses associate with the composition of the gut bacteria
and whether the responses differ between the 2 weight loss
interventions (dietary weight loss and surgical weight loss). 

2. Methods and materials 

2.1. Study participants 

The study included patients admitted to bariatric surgery ac-
cording to standard eligibility criteria and guidelines (BMI > 35
kg/m 

2 with obesity-related comorbid conditions or BMI > 40
kg/m 

2 with obesity-related psychological, social and physical
complications affecting quality of life) as previously described
[24] at the Department of Medicine, Section of Endocrinology,
University Hospital of Southern Denmark, Esbjerg, Denmark. 

The first group (referred to as dietary group ) included 20
patients who had achieved a weight loss of 8% of the total
body weight by dietary changes, and the second group (re-
ferred to as surgery group ) included 16 patients losing weight
3 to 6 months after bariatric surgery. In the surgery group, 14
patients underwent Roux-en-Y gastric bypass and 2 patients

http://creativecommons.org/licenses/by/4.0/
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Table 1 – Patient characteristics of the 2 weight loss groups. 

Dietary group ( N = 20) Surgery group ( N = 16) 

Age (year) 46.0 (40.5-51.4) 45.9 (39.0-52.8) 
Gender (female/male) 17/3 14/2 
Weight (kg) 123.6 (111.2-136.0) 95.7 (88.3-103.1) 
BMI (kg/m 

2 ) 41.4 (38.7-44.1) 33.7 (31.2-36.2) 
Smoking status 
- Nonsmoker 19 13 
- Smoker 1 3 
Comorbidity 
- Hypertension 10 7 
- Osteoarthrosis 
- GI reflux disease 

9 
7 

8 
7 

- Type 2 diabetes 
- Depression 

5 
6 

7 
4 

- Dyslipidemia 3 2 
- Obstructive sleep apnea 2 2 
Medical treatment 
- Analgesic medicine 16 13 
- Antihypertensive medicine 9 4 
- Insulin 5 0 
- Metformin/other antidiabetics 5 8 
- Lipid lowering medicine 4 2 
- Hormonal contraceptives 3 3 
- Others ∗ 16 14 

Abbreviations: BMI, body mass index; GI reflux disease, gastrointestinal reflux disease. 
The dietary group included patients who have lost 8% of their initial body weight. The surgery group included patients losing weight 3 to 6 
months after bariatric surgery. Age, weight, and BMI are presented as means and 95 % confidence intervals (CI). 

∗ Antidepressant medicine, proton pump inhibitors, and vitamins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 – Composition of macronutrients in high-fat 
meals and low-fat meals 

High-fat meals Low-fat meals 

Energy density (kJ/g) 5 4 
Fat (E%) 
-SFA (E%) 
-MUFA (E%) 
-PUFA (E%) 

67 
44 
18 
2 

16 
2 
3 
9 

Carbohydrate (E%) 
-Added sucrose (E%) 
- Fiber (E%) 

22 
0 
4 

73 
27 
0 

Protein (E%) 7 8 

Abbreviations: MUFA, monounsaturated fatty acids, PUFA, 
polyunsaturated fatty acids; SFA, saturated fatty acids. 
Energy density is expressed as kilojoule/kg, and macronutrients 
(fat, carbohydrate, fiber and protein) are expressed as percentage 
of total energy (E%). 

 

 

 

 

 

 

 

 

 

 

underwent sleeve gastrectomy. Exclusion criteria were treat-
ment with anticoagulants and platelets inhibitors or a diagno-
sis of liver diseases, malignant disorders, or coagulation dis-
eases. Subjects’ characteristics are presented in Table 1 . 

The study was approved by the regional Ethics Committee
(S-20170016) and conducted in accordance with the declara-
tion of Helsinki, and all participants gave oral and written in-
formed consent. The trial was registered at www.clinicaltrials.
gov (NCT03176615). 

2.2. Study design 

The study participants completed a controlled, cross-over
meal study as summarized in Fig. 1 and described in detail
elsewhere [24] . In random order, study participants consumed
isoenergetic high-fat meals (strawberry milkshake; 67 E% fat,
22 E% carbohydrate, and 7 E% protein) and low-fat meals
(strawberry-banana smoothie; 16 E% fat, 73 E% carbohydrate,
and 8 E% protein) at 8.15 and 10.00 on 2 study days separated
by a washout period of 2 to 14 days. The nutrient composition
of the meals is presented in Table 2 . The dietary group com-
pleted the meal study with standard meal sizes (small meal;
̴ 2100 kJ and large meal; ̴ 4200 kJ), whereas the surgery group
completed the meal study with half-sized meals (small meal;
̴ 1050 kJ and large meal; ̴ 2100 kJ). The large meal (10:00) was not
fully consumed by all participants. In the dietary group, the
average food intake was 59% of the meal, and 9 participants
consumed 50% or less. In the surgery group, the average food
intake was 61% of the half-sized meal, whereas 6 participants
consumed 50% or less. 
2.3. Blood sampling 

Venous blood samples were drawn on the 2 meal study days
at 08.00, 12.00, and 14.00 ( Fig. 1 ) after 10 minutes of stan-
dardized resting in a chair. Blood samples at 08.00 were col-
lected after 10 hours of fasting and after 24 hours of absten-
tion from alcohol and strenuous physical activity. Blood sam-
ples were drawn by venipuncture with a tourniquet (minimal
stasis) using theBecton Dickinson (BD) vacutainer system (BD,
Plymouth, UK) and 21-gauge needles. The first 2 mL of blood
was discarded, and the next 4 × 2.7 mL blood were collected
into 0.3 mL (0.109 M) sodium citrate tubes (BD Ref:363048) and

http://www.clinicaltrials.gov
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Fig. 1 – Study design. A: Each participant consumed experimental meals in a random order on 2 study days within 2 to 14 
days. B: During the meal study day, a fasting blood sample was collected at 08:00, and 2 postprandial blood samples were 
collected at 12:00 and 14:00 after consumption of a small (at 08:15, 2100 kJ) and large (at 10:00, 4200 kJ) meal. Half-sized 

meals were served in the surgery group. All participants consumed a low-fat soup the evening before the study days and 

delivered 1 fecal sample in the morning on one of the study days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

used for analyses of coagulation and fibrin clot lysis. Next,
4.0 mL blood was collected into serum clot activator tubes for
analyses of triglycerides. After sampling, platelet poor plasma
and serum were prepared by centrifugation at 2000xg for 20
minutes at 20 0 C. After centrifugation, plasma and serum were
stored in plastic vials in aliquots of 500 μL at -80 °C until anal-
ysis. All samples were analyzed within 3 years of storage. 

2.4. Blood sample analyses 

Samples were rapidly thawed in a water bath at 37 0 C, and all
samples from the same individual were analyzed in the same
run. 

Serum triglycerides (mmol/L) were determined enzymat-
ically with an Architect C16000 analyzer (Abbott Diagnostics
Division, Copenhagen, Denmark). Plasma FVIIa was measured
on an automated analyzer (Stago STA-R Evolution Coagulation
Analyzer) by a commercial one-stage clotting assay (STACLOT
VIIa-rTF, Diagnostica Stago, Asniéres-sur-Seine, France) by use
of recombinant truncated TF, which possesses cofactor activ-
ity for FVIIa, but fails to support activation of single-chain FVII.
Coagulation times were converted to FVIIa concentrations by
interpolation on a calibration curve prepared from human re-
combinant FVIIa. 

The plasma concentrations of F1 + 2 (pmol/L) and D-dimer
(μg/L FEU) were determined on the Atellica COAG 360 system
using highly sensitive immunoassays (INNOVANCE LOCI F1 + 2
Reagent Cartridge and INNOVANCE LOCI hs D–dimer Reagent
Cartridge, Siemens Healthcare Diagnostics GmbH, Marburg,
Germany) based on LOCI technology. The assays utilize the
binding of 2 synthetic beads; (1) a Chemibead coated with
a primary monoclonal anti-F1 + 2 or anti-D-dimer antibody
and a chemiluminescent dye and (2) a Sensibead coated with
streptavidin and a photosensitive dye. A biotinylated, sec-
ondary monoclonal anti-F1 + 2 or anti-D-dimer mouse anti-
body was added and bound to streptavidin-coated Sensibeads.
When the plasma sample was added to the bead solution,
the analyte (F1 + 2 or D-dimer) brought both beads into prox-
imity. The bead complexes were exposed to light at 680 nm,
and the photosensitive dye bound to the Sensibeads released
singlet oxygen. This caused a chemiluminescent reaction in
the nearby Chemibeads leading to analyte concentration-
dependent luminescence emission. The resulting signal was
measured at 612 nm and was a direct function of the analyte
concentration in the sample. 

Concentrations of fibrinogen (μmol/L) were determined on
an automated analyzer (STA-R) by a commercial assay us-
ing the Clauss clotting method (STA-Liquid Fib, Diagnostica
Stago). A commercial ELISA (enzyme-linked immunosorbent
assay) method was used to quantify TF antigen (TF:Ag, pg/mL,
Human TF Quantikine, R&D Systems, Minneapolis, USA). Fib-
rin clot lysis was determined using turbidity measurements
during in vitro clot formation and resolution according to
Sjoland et al. [38] . In brief, plasma was mixed with throm-
bin and CaCl 2 , and clot formation was followed by recording
turbidity as optical density (OD) for 30 min at 340 nm on a
microplate reader (Sunrise, Tecan Trading AG, Basle, Switzer-
land). Fibrin clot lysis was investigated with and without the
addition of recombinant tissue plasminogen activator (rt-PA).
Clot lysis (%) is defined as the reduction in OD after incubation
with rt-PA compared to incubation without rt-PA. 

The inter-assay coefficients of variation were 1.7% for
triglycerides, 5.4% for FVIIa, 0.9% for F1 + 2, 3.9% for D-dimer,
6.3% for TF:Ag, 6.0% for fibrinogen, and 20.9% for clot lysis. 
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2.5. Fecal sampling and analyses 

Participants were instructed to collect, store, and deliver one
fecal sample in the morning on one of the 2 study days using
the Easy Sampler collection kit (GP Medical Devices ApS, Hol-
stebro, Denmark) ( Fig. 1 ). The sample was immediately frozen
at -20 °C in a home freezer and kept frozen with freezer bags
until delivered to our laboratory within 24 hours of sample col-
lection. The samples were stored at -80 °C within 30 minutes
after delivery. Not all patients managed to hand in a fecal sam-
ple, and the study included 17 samples in the dietary group
and 11 samples in the surgery group. Fecal samples were an-
alyzed by 16S rRNA gene amplicon sequencing and bioinfor-
matics as previously described [24] . 

2.6. Statistical analyses 

The power estimation was based on findings in a previous
study using the primary effect variable, F1 + 2, a marker of en-
dogenous thrombin formation [25] . The sample size was esti-
mated in order to detect a 0.30 pmol/L difference in lnF1 + 2
between postprandial mean values of low-fat and high-fat
meals at a significance level of 5%, a power of 90%, and a stan-
dard deviation of 0.40 pmol/L. Sufficient power was achieved
if 19 participants were included in the cross-over studies as
described elsewhere [24] . 

The meal effects (high-fat vs low-fat) were analyzed sep-
arately in the dietary group and the surgery group. Mixed-
effects models for repeated measurements were used to com-
pare the effects of high-fat meals and low-fat meals (between-
group factor) on continuous outcome variables at the different
time points (at 08:00, 12:00, and 14:00, time factor). The models
were adjusted for results at baseline (fasting samples at 08.00).
The differences in outcome between the meals were assessed
by using the meal-by-time interaction. Significant interaction
indicates a significant difference between changes over time
after high-fat meals compared with low-fat meals. If there was
a significant interaction, time effects were analyzed separately
in the high-fat group and the low-fat group. If there was no
time effect, the overall time effect was analyzed. 

The intervention effects (diet vs surgery) were analyzed
separately in the high-fat group and the low-fat group. Mixed-
effects models for repeated measurements were used to com-
pare postprandial effects of the meal between the 2 weight
loss groups (between-group factor) at different time points (at
08:00, 12:00, and 14:00, time factor). The models were adjusted
for results at baseline (fasting samples at 08.00). The differ-
ences in outcome between the weight loss interventions were
assessed by using the intervention-by-time interaction. Sig-
nificant interaction indicates a significant difference in meal-
induced response over time between the dietary group and
surgery group. 

The distribution of model residuals for triglycerides, FVIIa,
and D-dimer was not normally distributed, and values were
logarithmically transformed before analysis to achieve nor-
mal distribution. Results from normally distributed data are
presented as means and 95% confidence intervals (95% CI) or
standard error of means , whereas results from non-normally
distributed data are presented as medians and interquartile
ranges . Models with potential outliers were subjected to a
sensitivity analysis by checking the results after exclusion of
outliers which did not change the results. 

Carry-over effects were tested by comparing baseline val-
ues for participants starting with high-fat meals (dietary;
n = 10, surgery; n = 8) or low-fat meals (dietary; n = 10, surgery;
n = 8) with participants ending with high-fat meals or low-fat
meals, respectively. In both weight loss group’s, no carry-over
effects were observed for any of the variables measured. 

Spearman’s Rank Correlation coefficient (r) was calculated
to describe associations between fasting concentrations of
triglycerides and hemostatic biomarkers as well as postpran-
dial changes in triglycerides and hemostatic biomarkers from
fasting concentrations. 

Spearman’s Rank Correlation coefficient (r) was calcu-
lated to describe associations between bacterial markers and
hemostatic biomarkers including both fasting concentrations
of hemostatic biomarkers as well as postprandial changes in
hemostatic biomarkers from fasting concentrations. The pro-
portion of gram-negative bacteria (rarefied counts, %) and in-
verse Simpson diversity index (SI) in feces were calculated as
described elsewhere [24] . 

P -values < .05 were considered statistically significant. All
analyses were carried out using the Stata statistical software,
version 16 (StataID, College Station, TX, USA). 

3. Results 

3.1. Postprandial effects of high-fat meals compared with 

low-fat meals 

Concentrations of triglycerides increased after high-fat meals
compared with low-fat meals in both weight loss groups
(meal-by-time interaction: dietary and surgery; P < .01). In
the dietary group, triglycerides increased over time after both
meals ( Fig. 2 ) and levels were higher after high-fat meals at
12:00 and 14:00 ( Table 3 ). In the surgery group, triglycerides in-
creased over time after the high-fat meals ( Fig. 2 ) and levels
were higher at 12:00 after high-fat meals compared with low-
fat meals ( Table 3 ). 

Concentrations of FVIIa increased over time after high-fat
meals in both weight loss groups ( Fig. 2 ,Table 3 ), but the meal-
by-time interaction was only significant in the surgery group
( P < .05). In both weight loss groups, concentrations of FVIIa
were higher at 14:00 after high-fat meals compared with low-
fat meals ( Table 3 ). 

Concentrations of F1 + 2 decreased over time in both weight
loss groups ( Fig. 2 ,Table 3 ), but with no meal-by-time inter-
actions between the meals. Concentrations of D-dimer de-
creased over time in the dietary group, but not in the surgery
group ( Fig. 2 ,Table 3 ). There were no meal-by-time interac-
tions. 

Clot lysis and TF:Ag did not change over time ( Table 3 ), and
there were no meal-by-time interactions. Concentrations of
fibrinogen increased after high-fat meals in the dietary group,
but not in the surgery group ( Table 3 ), and there were no meal-
by-time interactions. 



6 Nutrition Research 97 (2022) 1–10 

Fig. 2 – Concentrations of triglycerides, FVIIa, F1 + 2, and D-dimer. Fasting (08:00) and postprandial (12:00 and 14:00) 
concentrations after high-fat meals ( ●) and low-fat meals ( ◦). Values of F1 + 2 are expressed as means (error bars: standard 

error of means), and values of triglycerides, FVIIa, and D-dimer are expressed as medians and interquartile ranges. 
Variation over time and between meals were analyzed, using mixed-effects models. If meal-by-time interaction was 
significant, variation over time was analyzed separately by meal (FVIIa (surgery group) and triglycerides). If there was no 

interaction, the overall time effect was analyzed (FVIIa (dietary group), F1 + 2, and D-dimer). ∗∗P < .01, ∗∗∗P < .001 compared 

with fasting values. FVIIa: factor VIIa, F1 + 2: prothrombin fragment 1 + 2. 
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Table 3 – Concentrations of triglycerides and hemostatic variables before (08:00) and after (12:00 and 14:00) high-fat meals 
and low-fat meals in the 2 weight loss group 

Variable Dietary group ( N = 20) P -value Surgery group ( N = 16) P -value 

High-fat Low-fat High-fat Low-fat 

Triglycerides 
(mmol/L) 
- 08:00 
- 12:00 
- 14:00 

1.70 (1.11-2.03) 
2.61 (1.97-3.57) ∗∗∗

2.31 (1.82-3.06) ∗∗∗

1.72 (1.03-2.01) 
2.27 (1.71-2.91) ∗∗∗

1.93 (1.42-2.35) ∗∗∗

NS 
< .001 
< .001 

1.13 (0.99-1.65) 
1.55 (1.18-2.12) ∗∗∗

1.22 (1.00-1.48) 

1.29 (0.95-1.48) 
1.32 (1.03-1.53) 
1.28 (1.09-1.48) 

NS 
< .001 
NS 

FVIIa (mU/mL) 
- 08:00 
- 12:00 
- 14:00 

157 (92-192) 
163 (87-213) ∗

169 (94-233) ∗∗∗

142 (74-193) 
146 (81-196) 
144 (82-202) 

NS 
< .05 
< .001 

58 (49-72) 
60 (50-87) ∗∗

63 (52-93) ∗∗

60 (46-91) 
60 (42-88) 
57 (40-88) 

NS 
NS 
< .01 

TF:Ag (pg/mL) 
- 08:00 
- 12:00 
- 14:00 

40.9 (36.7-45.0) 
39.6 (35.2-43.9) 
39.7 (35.1-44.2) 

39.1 (35.6-42.6) 
39.7 (35.5-43.9) 
41.1 (36.6-45.5) 

NS 
NS 
NS 

48.9 (41.9-56.0) 
48.9 (41.9-56.1) 
48.3 (41.8-54.9) 

50.9 (43.8-58.1) 
49.1 (42.2-56.1) 
49.9 (42.9-56.9) 

NS 
NS 
NS 

F1 + 2 (pmol/L) 
- 08:00 
- 12:00 
- 14:00 

159 (140-179) 
138 (122-154) ∗∗∗

133 (117-148) ∗∗∗

160 (141-179) 
135 (118-152) ∗∗∗

130 (113-147) ∗∗∗

NS 
NS 
NS 

171 (139-203) 
165 (129-200) 
144 (115-172) ∗∗

160 (132-189) 
151 (126-177) 
141 (113-169) ∗∗

NS 
NS 
NS 

D-dimer (μg/L FEU) 
- 08:00 
- 12:00 
- 14:00 

363 (245-447) 
292 (219-447) ∗

283 (227-486) ∗∗

365 (212-438) 
293 (195-386) ∗

295 (186-377) ∗

NS 
< .01 
< .01 

335 (205-496) 
350 (208-449) 
322 (187-442) 

366 (232-489) 
303 (218-453) 
297 (222-442) 

NS 
NS 
NS 

Clot lysis (%) 
- 08:00 
- 12:00 
- 14:00 

44 (38-50) 
44 (38-51) 
45 (39-52) 

41 (34-48) 
42 (35-50) 
41 (34-48) 

NS 
NS 
NS 

49 (38-60) 
50 (39-60) 
50 (39-62) 

47 (37-56) 
50 (40-59) 
48 (41-55) 

NS 
NS 
NS 

Fibrinogen (μmol/L) 
- 08:00 
- 12:00 
- 14:00 

12.7 (11.6-13.7) 
12.8 (11.9-13.8) 
13.1 (12.1-14.0) ∗

12.7 (11.7-13.6) 
12.7 (11.7-13.8) 
13.0 (12.0-14.0) 

NS 
NS 
NS 

12.6 (11.2-14.0) 
13.0 (11.7-14.4) 
13.0 (11.8-14.2) 

12.5 (11.2-13.7) 
12.6 (11.3-13.9) 
12.4 (11.0-13.8) 

NS 
NS 
NS 

Abbreviations: FVIIa, factor VIIa; F1 + 2, prothrombin fragment 1 + 2; NS: not significant; TF:Ag, tissue factor antigen. 
Concentrations of triglycerides, FVIIa, and D-dimer are expressed as medians and interquartile ranges. Concentrations of F1 + 2, TF:Ag, clot lysis, 
and fibrinogen are expressed as means and 95% confidence intervals. Significant changes from baseline over time are marked with ∗( P < .05), 
∗∗ ( P < .01), and ∗∗∗ ( P < .001). P -values were calculated for the difference between high-fat meals and low-fat meals in the 2 weight loss groups 
using paired t-test statistics obtained from the mixed-effects models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Differences in postprandial response between the 
weight loss groups 

Concentrations of triglycerides increased in the dietary group
compared with the surgery group (intervention-by-time inter-
action: high-fat and low-fat; P < .01). Postprandial responses in
FVIIa, F1 + 2, D-dimer, TF:Ag, clot lysis, and fibrinogen did not
differ between weight loss groups. 

3.3. Correlation analyses 

Positive correlations were found between fasting concentra-
tions of F1 + 2 and D-dimer in the dietary group (high-fat;
r = 0.683, P < .01; low-fat; r = 0.674, P < .01) and between
FVIIa and F1 + 2 in the surgery group (high-fat; r = 0.547, P <
.05; low-fat; r = 0.544, P < .05). In the dietary group, post-
prandial changes in triglycerides and FVIIa correlated after
high-fat meals ( �08:00-12:00; r = 0.662, P < .01 and �08:00-
14:00; r = 0.603, P < .01). In the surgery group, postprandial
changes in F1 + 2 and D-dimer correlated after high-fat meals
( �08:00-12:00; r = 0.696, P < .01) and low-fat meals ( �08:00-
14:00; r = 0.628, P < .01). 
3.4. Fecal sample analyses 

The median proportion of gram-negative bacteria was 73%
(interquartile range: 71%-76%) in the dietary group ( N = 17)
and 87% (interquartile range: 76%-92%) in the surgery group
( N = 11). The median Simpson diversity index (SI) of the whole
microbiota was 34 (interquartile range: 23-42) in the dietary
group and 24 (interquartile range: 21-29) in the surgery group.

Negative correlations were observed between the propor-
tion of gram-negative bacteria and changes in FVIIa after high-
fat meals ( �08:00-12:00: r = -0.627, P < .05 and �08:00-14:00:
r = -0.635, P = .05) and low-fat meals ( �08:00-12:00: r = -0.611,
P < .05 and �08:00-14:00: r = -0.627, P < .05) in the surgery
group. 

4. Discussion 

The present study demonstrates a postprandial increase in
FVIIa after high-fat meals during diet-induced weight loss and
surgery-induced weight loss. This is accompanied by a de-
crease in D-dimer (dietary group) and F1 + 2, and unchanged
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clot lysis and TF:Ag. The meal-induced responses do not dif-
fer between weight loss groups. The proportion of Gram-
negative bacteria is negatively associated with changes in
FVIIa after high-fat meals and low-fat meals in the surgery
group. 

This is the first study exploring postprandial changes in
FVII activation and thrombin formation as a potential harmful
mechanism in individuals with obesity during weight loss. 

Previous research studies have reported sustained eleva-
tion of inflammatory markers for example, interleukin-8 ,
transforming growth factor beta , LPS binding protein , and
C-reactive protein during intentional weight loss [ 38 ,39 ]. This
inflammatory state might impact the magnitude of circulating
TF needed for thrombin formation following postprandial FVII
activation induced by high-fat meals. Therefore, we hypothe-
size that the catabolic state associated with intentional weight
loss causes stress-induced inflammation or metabolic dis-
turbances triggering postprandial thrombin formation after
high-fat meals. We could not confirm this hypothesis as F1 + 2
decreased postprandially in the dietary weight loss group and
in the surgical weight loss group. Also, the postprandial de-
crease in D-dimer and unchanged fibrin clot lysis does not
reflect a prothrombotic state. However, high-fat meals acti-
vate FVII also after bariatric surgery despite altered intesti-
nal anatomy and intake of half-sized meals, but the conse-
quences, if any, are unknown. 

We recently discussed possible explanations for the lack
of increase in F1 + 2 in individuals with weight stable obesity,
and increased FVIIa inhibition by antithrombin (AT) combined
with a diurnal decrease in F1 + 2 could explain this finding [24] .
However, we could not confirm the previously observed post-
prandial increase in F1 + 2 and D-dimer in individuals with
overweight losing 8% of their body weight during 8 weeks,
that is, comparable to our dietary weight loss group (25). The
reasons for this are unknown, but our study population was
older and more obese, received various medications for co-
morbidities, had a reduced intake of meals after surgery, and
the food composition did not reflect a typical meal of every-
day living. Also, we did not include blood sampling late in the
afternoon, which might have been relevant because the time
it takes to stimulate monocytes to express TF is unknown.
However, postprandial thrombin formation was previously ob-
served already at 12:00 [25] . We used other analytical methods
for F1 + 2 and D-dimer, but we re-analyzed samples using the
Enzygnost F1 + 2 monoclonal ELISA method (Siemens Health-
care Diagnostics Products GmbH, Marburg, Germany) used in
previous studies [ 24 ,25 ], and the results were confirmed (not
shown). 

Although we found no overall increase in F1 + 2, we ob-
served an interindividual variation in the postprandial re-
sponse for F1 + 2 and D-dimer during surgical weight loss (re-
sults not shown). In some patients in the surgery group, F1 + 2
(high-fat; N = 4, low-fat; N = 4) and D-dimer (high-fat; N = 8,
low-fat; N = 4) increased postprandially compared to baseline.
Based on post-hoc analyses, the postprandial increase does
not associate with the size of the weight loss, diabetes ( N = 7),
or fasting concentrations of TF, IL-6, leptin, tissue factor path-
way inhibitor , or AT activity. Thus, although highly interesting
and not previously reported, we could not explain the post-
prandial increase in F1 + 2 and D-dimer in some individuals
during surgical weight loss. 

Gut bacteria are implicated in the pathophysiology of CVD,
and accordingly we aim to determine whether the postpran-
dial responses were associated with bacterial diversity and
proportion of gram-negative bacteria in fecal samples [40] . In
particular, high abundance of LPS-producing gram-negative
bacteria could be associated with thrombin formation because
LPS stimulates monocytes to produce TF [32] . However, there
were no associations between bacterial diversity or propor-
tion of gram-negative bacteria and changes in F1 + 2 or D-
dimer, but there was a consistent inverse association between
gram-negative bacteria and FVII activation in the surgery
group. The significance of this finding should be further
studied. 

This study also aims to determine whether postpran-
dial changes were different during diet-induced weight loss
and surgery-induced weight loss. Surgery-induced weight
loss differs from diet-induced weight loss by being asso-
ciated with markedly reduced appetite and food intake
that could enhance metabolic stress during weight loss.
Metabolic disturbances during intentional weight loss fol-
lowing bariatric surgery can possibly have a more pro-
nounced effect on postprandial coagulation activation. How-
ever, the postprandial FVII activation, or any other of the
measured variables, did not differ between the 2 weight loss
modalities. 

This study has several strengths. This is the first study
conducting postprandial investigations in patients admitted
to bariatric surgery by comparing high-fat meals with low-
fat meals during weight loss. Patients admitted to bariatric
surgery can be used as a model of intentional weight loss al-
lowing studies of diet-induced weight loss as well as surgery-
induced weight loss. The meal test studies were carried out
in controlled settings, and blood samples were collected and
analyzed by experienced technicians thereby minimizing pre-
analytical factors potentially influencing F1 + 2 [41] . The study
also has limitations. The study tested the effect of meals
during ongoing weight loss, but no biomarkers exist to con-
firm the catabolic state. Patients admitted for bariatric surgery
were used as a model of intentional weight loss, but re-
sults from the surgery group cannot be directly translated to
non-surgical weight loss because surgery is accompanied by
changes in the intestinal anatomy, gastric emptying, incretin
levels, and other factors. The small sample size in the surgery
group and in the fecal study increases the risk of type 2 errors.
Finally, the results from the comparisons of the 2 weight loss
groups should be interpreted with caution because the study
was not designed for comparing unequal and unpaired sam-
ple sizes. 

In conclusion, high-fat meals increase postprandial FVII
activation following dietary weight loss and surgical weight
loss in individuals with severe obesity. This is not reflected
in increased postprandial thrombin formation or fibrin clot
lysis, irrespective of the weight loss intervention. Postpran-
dial FVII activation associates with the proportion of gram-
negative bacteria in feces. Our results indicate that the an-
tithrombotic effect of weight loss is preserved in the postpran-
dial state. 
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