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Abstract 31 

Objective: There remains increased cardiovascular mortality in patients with acromegaly. This study 32 

aims to evaluate whether GH/IGF-1 excess increases vascular disease by adversely affecting fibrin 33 

network characteristics.  34 

Design: Cross-sectional study in 40 patients with acromegaly (21 males, age 53±13yrs) and 40 35 

age/gender-matched controls. 36 

Methods: Clot structure was analysed using a validated turbidimetric assay and fibrin networks were 37 

visualised by laser scanning confocal microscopy (LSCM). Metabolic profile parameters, body 38 

composition, plasma fibrinogen and PAI-1 were also assessed. 39 

Results: Twenty-two patients had active acromegaly and 18 were in remission. There was no 40 

difference in qualitative patient characteristics between the two groups. Both groups had less 41 

favourable body composition and cardiovascular risk profile compared with controls. Despite no 42 

difference in clot formation and lysis parameters between the two patient groups, active disease 43 

patients had higher fibrinogen and clot maximum absorbance compared with controls, after adjusting 44 

for BMI (3.8±0.2 vs. 2.6±0.2mg/ml, p<0.001; and 0.39±0.02 vs. 0.33±0.01 arbitrary units, p=0.03, 45 

respectively). Patients in remission had higher fibrinogen compared with controls following 46 

adjustment for BMI (3.3±0.2 vs. 2.6±0.2mg/ml, p=0.02) but not clot maximum absorbance (0.35±0.03 47 

vs. 0.33±0.02 arbitrary units, p=0.6). LSCM showed increased fibrin network density only in active 48 

disease patients, consistent with turbidimetric analysis. In addition to active disease, BMI, fat mass 49 

and skinfold thickness were associated with higher clot density and longer lysis time.  50 

Conclusions: Patients with active acromegaly have more compact clots, thus conferring increased 51 

thrombosis risk.  Prothrombotic fibrin networks may represent one mechanism for enhanced vascular 52 

risk in active acromegaly.  53 
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Introduction 54 

Acromegaly has been associated with increased overall mortality compared with the general 55 

population. Two meta-analyses published in 2008 showed a mean standardised mortality ratio (SMR) 56 

of 1.72 [1] and 1.70 [2] respectively. However, overall mortality rates in acromegaly have been 57 

reducing with time, reflecting advancements in therapeutic interventions and the higher remission 58 

rates with modern treatments. This is reflected in a more recent meta-analysis from 2018, in which the 59 

SMR from clinical studies published after 2008 is not significantly higher compared with the general 60 

population, whereas studies published before 2008 demonstrated an increased SMR at 1.76 [3]. 61 

In contrast to overall mortality, there resides an excess mortality related to increased cardiovascular 62 

and cerebrovascular disease [3, 4-7]. In the recent meta-analysis, the SMR for cardiovascular death 63 

was higher in acromegaly in studies published both before (SMR 2.38) and after 2008 (SMR 1.67), 64 

with similar findings for cerebrovascular disease [3]. Additionally, cardiovascular mortality increases 65 

significantly with GH levels >2mcg/L and elevated IGF-1 (>2 standard deviation scores) [5].  66 

Abnormalities of coagulation and fibrinolysis have been considered to contribute to the increased 67 

cardiovascular risk in acromegaly. Elevated levels of plasma fibrinogen have been consistently 68 

reported in several studies, particularly in patients with active disease [8-15]. Data regarding other 69 

markers of coagulation and fibrinolysis are scarce and often conflicting, and studies have been limited 70 

by small number of participants. Findings include elevated antithrombin III, tissue plasminogen 71 

activator (t-PA) and plasminogen activator inhibitor 1 (PAI-1) [12, 16]. In contrast, other studies have 72 

reported no difference in PAI-1 and t-PA levels between patients with acromegaly and controls [8, 9]. 73 

Lower levels of proteins C and S (which have an inhibitory effect on the coagulation cascade) have 74 

been found in patients with active acromegaly compared with healthy controls [14] and with patients 75 

with disease control [11]. A common caveat in these studies is the focus on a single coagulation 76 

factor, which gives an incomplete picture of the thrombotic risk. A more comprehensive marker of 77 

thrombotic environment is fibrin network structure and susceptibility to lysis. This can be studied 78 

using a validated turbidimetric assay as previously shown [17, 18]. The advantage of this technique is 79 

that it takes into account quantitative and qualitative changes in a large number of coagulation 80 

proteins, consequently translating the findings into alterations in fibrin clot properties. Recent work 81 
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has shown that fibrin clot characteristics can predict adverse vascular outcomes in individuals 82 

sustaining a cardiac event, even after correction for a large number of clinical and biochemical 83 

vascular markers [19].    84 

Establishing how elevated GH levels translate into increased vascular morbidity and mortality 85 

remains elusive. We hypothesise that one mechanism through which disturbances of the GH/IGF-I 86 

system increases vascular disease is by the induction of prothrombotic fibrin networks. We therefore 87 

tested this hypothesis in a cross-sectional pilot study evaluating properties of clot formation and lysis 88 

in a population of patients with acromegaly.  89 

  90 
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Materials and Methods 91 

Participants’ recruitment 92 

In this cross-sectional pilot study, 40 consecutive patients with acromegaly were recruited. 93 

Acromegaly had been diagnosed in all patients prior to the recruitment to the study, by failure to 94 

suppress GH to <0.3 mcg/L, as measured by a two-site chemiluminescent immunometric human GH 95 

assay, during a 2-hour oral glucose tolerance test, with a 75g of oral glucose load. Patients were 96 

approached when attending for clinic appointments. Additionally, age and sex-matched healthy 97 

individuals were recruited from patients’ relatives and staff members of the Leeds Teaching Hospitals 98 

(via advertisement material displayed in outpatient clinic areas and circulated via electronic mail) to 99 

provide control data. Exclusion criteria included history of known haematological disorder 100 

predisposing to a thrombotic or bleeding tendency; existing treatment with antiplatelet or 101 

anticoagulant medications; patients with past or present malignant disorders; and individuals unable to 102 

provide informed consent. The study was approved by the North West - Greater Manchester West 103 

Research Ethics Committee (Reference ID: 15/NW/0400). Informed consent was obtained from all 104 

study participants.  105 

Based on the American Endocrine Society clinical practice guidelines 2014 [20] patients were divided 106 

into two groups: patients with disease remission (GH <1 mcg/L and IGF-1 within the age-specific 107 

reference range); and patients with active acromegaly (GH >1mcg/L and IGF-1 above the reference 108 

range) or dichotomous GH/IGF-1 results (GH <1mcg/L and IGF-1 above the reference range or GH 109 

>1mcg/L and IGF-1 within the reference range).  110 

 111 

Study Outcomes 112 

The primary outcome was to evaluate clot structure properties in patients with acromegaly, exploring 113 

the effect of disease activity on clot structure properties and compare these with controls. Secondary 114 

outcomes included measuring key components of clot formation (fibrinogen) and lysis (PAI-1), while 115 

assessing for conventional surrogates of cardiovascular risk (lipid profile, body composition, glucose 116 

profile, prevalence of metabolic comorbidities) and C reactive protein (CRP), a marker of 117 

inflammation which has been associated with coronary artery disease [21].  118 
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 119 

Anthropometric assessment 120 

Evaluation included measurement of weight, height, waist and hip circumference, skinfold thickness 121 

at bicep, tricep, infrascapular and suprailiac areas and body composition by bioelectrical impedance 122 

(Tanita TBF300MA, Middlesex, UK). 123 

 124 

Sample collection 125 

Blood samples were obtained in the morning (8-10 am) following an overnight fast. The first 10mL of 126 

blood were used for clinical laboratory investigations (lipid profile, fasting glucose, HbA1c), and 127 

additionally anterior pituitary hormone profile for the patient group, including random GH and IGF-1. 128 

A further 20mL blood sample was collected into a citrate tube, centrifuged within two hours upon 129 

collection and the plasma stored at -80 oC until analysis. All blood samples were obtained without 130 

applying a tourniquet.  131 

 132 

Clot structure analysis 133 

Turbidimetric analysis was used to analyse fibrin polymerisation characteristics in the clots formed ex 134 

vivo and to study fibrinolysis speed. Plasma samples were treated with thrombin and calcium using a 135 

microtiter plate spectrophotometer and changes in optical density were measured [22, 23]. Rates of 136 

fibrinolysis were analysed in the presence of tPA, both at the beginning of the clotting reaction and 137 

after formation of the mature clot. A number of clot structure parameters were studied including:  138 

(i) Maximum absorbance (MA), measure of fibrin network density and fibre thickness. It has 139 

previously been shown that higher MA is associated with increased cardiovascular risk 140 

[17, 22, 24].  141 

(ii) Lag time, the time required from the start of the reaction to the beginning of clot 142 

formation. Shorter duration of lag time has been associated with increased thrombotic 143 

potential [17].  144 
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(iii) Lysis time, the time required for the clot to reach 50% lysis. Longer lysis time indicates 145 

increased resistance to fibrinolysis, which is associated with increased cardiovascular risk 146 

[18, 25]. 147 

(iv) Lysis area, a complex measure of clot formation and lysis. Larger lysis area is associated 148 

with increased cardiovascular risk [22]. 149 

 150 

Laser scanning confocal microscopy (LSCM) 151 

Two pooled plasmas were produced; one of the patients with active acromegaly (n=22) and a second 152 

of the patients with disease remission (n=18). The pooled plasmas from each patient group were 153 

compared with controls, as well as with each other. Fibrin clots from these pooled samples were 154 

visualised using confocal microscopy.  155 

Fibrin clots were created by diluting 7.5 μl from each pooled plasma with 20.4 μl of permeation 156 

buffer with the addition of Alexa 488-labelled fibrinogen at approximately 5% (0.105M) (Thermo 157 

Fisher Scientific/Life Technologies, Loughborough, UK) for 30 minutes at ambient temperature. 158 

Following incubation, activation mix consisting of 0.05U/mL human thrombin (Merck Chemicals 159 

Ltd, Nottingham, UK) and 5 mM/L CaCl2 in permeation buffer was added. The mixture was loaded to 160 

a 15-μl Ibidi (Applied Biophysics, Troy, NY) slide in duplicate to a well. The clots were visualised 161 

using a LSM880 microscope (Carl Zeiss, Welwyn Garden City, Hertfordshire, UK) using 40 x 1.4 oil 162 

objective lens. Three Z stacks of each clot were taken, with a range of 20.3 μm at intervals of 0.7 μm 163 

(total of 30 slices). The number of fibres per 100 μm was calculated in each stack using ImageJ® 164 

software. The average number from the three stacks was determined in each study group to represent 165 

the density of the clot fibrin network. 166 

 167 

Laboratory assays 168 

Fibrinogen was measured using the Clauss method [26], while PAI-1 and CRP were measured by 169 

commercial ELISAs as per manufacturer’s protocols [Thermo Fisher® Human PAI-1 Platinum 170 

ELISA BMS2033 and ab99995 – C Reactive Protein (CRP) Human ELISA Kit, respectively]. GH, 171 

IGF-1 and SHBG were measured using Siemens Immulite 2000 (GH calibrated against WHO NIBSC 172 
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IS 98/574). Total cholesterol, HDL cholesterol and triglycerides were measures by the ADVIA 173 

Chemistry Cholesterol Concentrated assay, ADVIA Chemistry Direct HDL Cholesterol and ADVIA 174 

Chemistry Triglycerides_2 Concentrated assay respectively, while LDL cholesterol was calculated 175 

using the Freidewald equation. Serum glucose was measured by an enzymatic assay based on the 176 

method by Slein, using hexokinase and glucose‑ 6‑ phosphate dehydrogenase enzymes. HbA1c was 177 

measured by the Tosoh G8 HPLC Analyzer, which utilises the Ion-Exchange method. All assays were 178 

performed in the routine clinical biochemistry laboratories within the Leeds Teaching Hospitals and 179 

have been regularly validated by internal quality control and external quality assessment. 180 

 181 

Statistical Analysis 182 

Descriptive data are presented as mean and standard deviation, or median and interquartile range for 183 

parametric and non-parametric data respectively. Non-paired t-test for continuous variables and 184 

Mann-Whitney U-test (for variables which failed normality test) were used to assess the difference in 185 

the values between different comparison patient groups. The Chi-square or Fisher Exact test was used 186 

to compare proportions between the different study groups. Comparisons in the clot structure 187 

properties between patients and controls were performed adjusting for BMI, using univariate analysis 188 

of covariance test (ANCOVA). 189 

Multiple linear regression analysis was also performed. The models used included lag time, clot MA, 190 

lysis time, lysis area, fibrinogen and PAI-1 as dependent values. For the patient group, independent 191 

values included patient’s age at the time of the study; gender; BMI or fat mass or waist/hip ratio or 192 

summative skinfold thickness; GH or IGF-1 at the time of the study; use of GH/IGF-1 lowering 193 

medications at the time of the study; history of diabetes or impaired glucose tolerance (IGT); history 194 

of hypertension; dyslipidaemia; smoking status; duration of active disease and duration of disease 195 

remission. Fibrinogen was also included as an independent value in the regression models, which had 196 

lag time and clot MA as dependent values. PAI-1 was an independent value in the regression models 197 

in which lysis time and lysis area were tested as dependent values.  For the control group, independent 198 

values included age; gender; BMI or fat mass or waist/hip ratio or summative skinfold thickness; 199 

smoking status; and levels of HbA1c, LDL and HDL cholesterol.  200 
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A P value of <0.05 was considered statistically significant. Statistical analysis was performed using 201 

the statistics software “SigmaPlot”.  202 
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Results 203 

Participants’ characteristics 204 

A total of 91 patients with a history of acromegaly were screened for this study. Twenty-one patients 205 

were excluded as they were on treatment with antiplatelet or anticoagulant agents (4 patients due to 206 

previous venous thromboembolic event; 8 for secondary prevention due to previous vascular disease; 207 

3 for thromboprophylaxis due to atrial fibrillation; 1 due to metallic heart valve; 4 patients for primary 208 

prevention due other additional cardiovascular risk factors; and 1 was on aspirin without a clear 209 

indication. Additionally, one patient was excluded due to myelodysplastic syndrome.  210 

Thirty patients were excluded from the study for other reasons: 16 were unable to attend for the study 211 

visit due to personal/social reasons; 2 patients had developed GH deficiency following treatment for 212 

acromegaly (confirmed by dynamic pituitary test); 1 patient was undergoing chemotherapy for bowel 213 

cancer at the time of recruitment; 2 were unable to provide informed consent due to cognitive 214 

impairment and language barrier; and 9 patients declined to participate without declaring any specific 215 

reasons.  216 

Forty patients with acromegaly were recruited to the study; 55% of patients (n=22) had active 217 

acromegaly or dichotomous GH/IGF-1 results at the time of recruitment to the study, who for the 218 

purpose of this study are referred as active disease group (or Group 1); and 45% of patients (n=18) 219 

were in remission (Group 2). Table 1 summarises patients’ clinical characteristics and acromegaly-220 

related medical history.  221 

Forty healthy volunteers matched for age and sex with patients were recruited. Four controls (10%) 222 

were already established on treatment for hypertension with reasonable blood pressure control (BP 223 

range at the time of the study 129/87-143/89 mmHg); one was on atorvastatin for primary prevention; 224 

one was on stable dose of levothyroxine for primary hypothyroidism; one was on a progesterone 225 

implant; and one on female hormone replacement for menopausal symptoms.  226 

 227 

Traditional markers of cardiovascular risk 228 

Compared with patients with active acromegaly, patients in remission had higher LDL and 229 

triglyceride levels. No difference was identified in relation to mean age, gender distribution, body 230 
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composition, glucose profile and prevalence of other cardiovascular risk factors. Patients with active 231 

disease had significantly higher BMI, LDL cholesterol and prevalence of diabetes/IGT compared with 232 

controls. Patients with disease remission also demonstrated a less favourable metabolic and 233 

cardiovascular risk profile compared with controls, due to higher BMI, waist/hip ratio (WHR), fat 234 

mass, triglycerides and prevalence of hypertension and dyslipidaemia. Results are summarised in 235 

Table 2.   236 

 237 

Clot structure analysis  - assessing the impact of disease activity 238 

Following adjustment for BMI, patients with active acromegaly had shorter lag time compared with 239 

those in remission (515.6±15.1 vs. 570.2±16.8 sec, p=0.02), however clot MA was similar in the two 240 

groups (Group 1: 0.41±0.03 arbitrary units (AU); Group 2: 0.35±0.03 AU, p=0.18). Additionally, no 241 

statistical difference was found either in 50% lysis time [Group 1: 25.5±4.3 min; Group 2: 33.2±4.8 242 

min; p=0.24] or lysis areas [Group 1: 849.7±130.9 AU; Group 2: 837.9±144.8 AU, p=0.95]. Results 243 

are summarised in Table 3.  244 

When patients from each subgroup were compared with controls and following adjustment for BMI, 245 

patients with active disease had significantly higher clot MA (0.39±0.02 vs. 0.33±0.01 AU, p=0.03). 246 

No difference was found in the lag time for clot formation; 50% lysis time; and lysis area. In contrast, 247 

there was no difference in maximum clot MA between patients with disease remission and controls. 248 

There was a trend towards longer lysis time and larger lysis area for patients with disease remission 249 

compared with controls, although the difference did not reach statistical significance. A summary of 250 

the results can be found in Table 3.  251 

 252 

Coagulation proteins and CRP plasma levels 253 

Following adjustment for BMI no difference in fibrinogen, PAI-1 and CRP was observed between 254 

patients with active acromegaly and those in remission (Table 3).  255 

Patients with active disease had significantly higher fibrinogen concentrations compared with controls 256 

(3.8±0.2 vs. 2.6±0.2 mg/ml, respectively, p<0.001), which is in-keeping with the higher clot MA 257 

observed in the patient group. PAI-1 levels were similar in the two study groups, which is also 258 
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consistent with the lysis data. No difference in plasma CRP was observed. Patients with disease 259 

remission also had higher fibrinogen levels compared with controls (3.25±0.2 vs. 2.6±0.2 mg/ml, 260 

p=0.02); however the difference was greater for patients with active disease. No difference in PAI-1 261 

and CRP was observed between patients with disease remission and controls (Table 3).  262 

 263 

Correlations - patient group 264 

Multiple linear regression analysis was performed as described in the methodology. Lag time was 265 

negatively associated with fibrinogen (co-efficient -17.8, p=0.012); current GH values (co-efficient -266 

11.5, p=0.021); and smoking (co-efficient -32.5, p=0.036).  267 

Clot MA was positively associated with fibrinogen levels (co-efficient 0.06, p<0.001); BMI (co-268 

efficient 0.008, p=0.044); total fat mass (co-efficient 0.004, p=0.041); and summative skinfold 269 

thickness (co-efficient 0.002, p=0.048). No associations were found with acromegaly-related factors.  270 

Lysis time was positively correlated with PAI-1 levels (coefficient 1.1, p<0.001); diabetes (co-271 

efficient 10.9, p=0.03); and summative skinfold thickness (co-efficient 0.28, p=0.043), with a trend 272 

for BMI (co-efficient 1.08, p=0.07).  273 

Lysis area was positively correlated with PAI-1 levels (coefficient 14.7, p<0.001); older patient’s age 274 

(coefficient 10.1, p<0.001); and summative skinfold thickness (coefficient 2.8, p=0.012). There was 275 

also a negative correlation between lysis area and duration of remission of acromegaly (coefficient -276 

11.8, p=0.015). 277 

A positive correlation was found between serum fibrinogen and duration of active disease (co-278 

efficient 0.06, p=0.034) and smoking (co-efficient 0.9, p=0.038), whereas PAI-1 was positively 279 

associated with BMI (coefficient 0.87, p=0.039). Table 4 summarises the above results.  280 

 281 

Correlations – control group 282 

A negative correlation between lag time and WHR was found (co-efficient -549.4, p=0.015). Clot MA 283 

was positively correlated with fibrinogen (co-efficient 0.167, p<0.001) and lysis time and lysis area 284 

with PAI-1 levels (co-efficient 1.423, p=0.01; and 19.39, p=0.02 respectively). Total fat mass, WHR 285 

and summative skinfold thickness were positively correlated with fibrinogen (coefficient 0.013, 286 
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p=0.03; 2.074, p=0.025; and 0.01, p=0.005 respectively), but not directly with clot MA. Finally, a 287 

positive correlation was found between PAI-1 and HbA1c (co-efficient 0.43, p=0.02); PAI-1 and 288 

WHR (co-efficient 32.5, p=0.006); and PAI-1 and total fat mass (co-efficient 0.17, p=0.038). 289 

 290 

Laser scanning confocal microscopy (LSCM) 291 

Patients with active acromegaly were found to have a more dense fibrin network, not only compared 292 

with controls (mean number of fibrin fibres/100 μm 30.4±1.3 vs. 24.1±1.2, p=0.004), but also with 293 

patients with disease remission (mean fibrin fibres/100 μm 30.4±1.3 vs. 25.3±0.9, p=0.005; Figure 1). 294 

There was no difference in the density of the fibrin network between patients in remission and 295 

controls (mean fibrin fibres/100 μm 25.3±0.9 vs. 24.1±1.2, respectively, p=0.24; Figure 1). These 296 

findings are consistent with the turbidimetric assay data previously presented.  297 
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Discussion  298 

Patients with acromegaly have increased cardiovascular mortality [3, 4-7] and an increased 299 

thrombotic milieu has been proposed [11, 12, 14, 27]. However, previous studies have only examined 300 

plasma levels or activity of clotting and fibrinolytic factors, whereas this study has the advantage of a 301 

more global assessment of clot formation and clot lysis. This pilot study is the first to show that 302 

patients with active acromegaly have more compact clots compared with controls matched for age and 303 

gender, based on an ex-vivo clot structure analysis and after adjustment for BMI. Laser scanning 304 

confocal microscopy suggested that the difference in the fibrin clot density is more prominent in the 305 

group of patients with active disease, with the groups of patients with long-term disease remission and 306 

controls being essentially indistinguishable.  307 

Similar to previous studies [8-15], we were able to demonstrate higher fibrinogen levels amongst 308 

patients with active acromegaly compared with controls, which translated into higher clot MA. 309 

Despite this, lysis time was not statistically different neither were PAI-1 levels. Overall, the above 310 

results suggest that patients with active acromegaly have increased thrombotic potential with 311 

increased clot density, however the fibrinolytic system does not seem to be significantly affected. 312 

Following adjustment for BMI, patients with disease remission were also found to have higher 313 

fibrinogen levels compared with controls; however this did not lead in significant differences in clot 314 

MA or in the clot fibrin network density as visualised by LSCM. This suggests that the increased 315 

thrombotic potential in acromegaly may at least be partially reversed following successful treatment 316 

and biochemical disease control. In support of the above, were the results of LSCM, which showed 317 

significantly higher number of fibrin fibres per 100 μm in patients with active acromegaly compared 318 

with those in remission, suggesting the presence of increased fibrin network density in the former 319 

patient group.  320 

Investigating factors that may influence clot structure properties in patients with acromegaly, the 321 

adverse metabolic profile was associated with increased thrombotic potential in these patients. 322 

Elevated BMI, total fat mass, summative skinfold thickness, diagnosis of diabetes/IGT were all 323 

independent risk factors for adverse clot formation and lysis properties. Similar associations were also 324 

found in the control group and although the adverse metabolic profile was not directly related to 325 
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unfavourable clot formation and lysis properties, it was associated with higher fibrinogen and PAI-1 326 

levels. 327 

 It is well-recognized that acromegaly is associated with a variety of metabolic complications 328 

including diabetes/IGT, hypertension and disorders of lipid metabolism [28]. This was also evident by 329 

the results of this study. Considering the effect of the adverse metabolic profile, body composition and 330 

diabetes on clot formation and lysis properties, it is essential that patients with acromegaly are 331 

screened and appropriately treated for these complications, but even more importantly that 332 

acromegaly is diagnosed early in the disease course and treated successfully, in order to minimise 333 

duration of active disease and prevent complications from arising. Notably, in our study, patients with 334 

disease remission continued to exhibit an adverse profile of body composition and cardiovascular risk 335 

factors, as evident by the higher WHR, fat mass, triglycerides and rates of hypertension and 336 

dyslipidaemia, and despite no difference in clot fibrin network density, this may account for the 337 

higher fibrinogen levels and the trend towards more prolonged lysis time and larger lysis area 338 

compared with controls, following adjustment for BMI.  339 

However, adverse body composition and diabetes are not the only factors responsible for the negative 340 

impact on clot formation properties in patients with acromegaly. Based on multiple linear regression 341 

analysis, adjusting for age, gender and metabolic parameters; longer duration of active disease was 342 

associated with higher fibrinogen levels; shorter duration of disease remission was associated with 343 

larger lysis area; and higher GH levels at the time of the study were associated with shorter lag time 344 

for clot formation, suggesting that disease activity adversely affects the thrombotic potential in 345 

patients with acromegaly, independently of the metabolic complications. Additionally, when 346 

comparing patients with active acromegaly with patients in remission, body composition and 347 

prevalence of metabolic complications were similar between the two groups, as were mean age and 348 

gender distribution. Despite the above similarities, LSCM showed more compact clots with higher 349 

concentration of fibrin fibres, which further strengthens the hypothesis that active acromegaly 350 

independently increases the thrombotic potential in these patients. This is consistent with previous all 351 

cause mortality and cardiovascular mortality data, which have shown increased SMR in patients with 352 

active acromegaly, but not in those with disease remission [1-4]. 353 
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Limitations to the study include the relatively small number of patients in each disease status 354 

subgroup, which may have led to a type II statistical error, when clot structure properties were 355 

compared between patients with active acromegaly and patients with disease remission. A significant 356 

proportion of the initially screened patients for this study (21 of 91 screened, 23.1%) were excluded, 357 

as they were on treatment with antiplatelet or anticoagulant agents due to established cardiovascular 358 

morbidity. Therefore, by excluding this high-risk subgroup of acromegalic patients, it is possible that 359 

the study has underestimated the severity of the clot structure abnormalities and the effect of the 360 

disease on the increased thrombotic potential of patients with acromegaly.  361 

Further prospective studies are required to fully elucidate the effect of acromegaly on clot structure 362 

properties. These studies should aim to assess clot formation and lysis in patients with active 363 

acromegaly before and after treatment and biochemical disease control, in a multi-centre setting and 364 

also link clot structure properties with cardiovascular outcomes. In addition to fibrinogen levels, a 365 

number of proteins have been detected in the fibrin network that may alter properties and resistance to 366 

lysis including fibronectin, α2-antiplasmin, complement C3, histidine-rich glycoprotein and 367 

apolipoproteins [29]. These warrant further investigation to establish the exact mechanisms for altered 368 

clot structure in individuals with acromegaly. 369 

In conclusion, this pilot study provides new evidence that patients with active acromegaly have 370 

abnormal clot structure properties, particularly with regards to clot formation, with higher maximum 371 

clot density and more compact clots. This may represent one mechanism for the increased 372 

cardiovascular risk observed in patients with acromegaly, particularly during active disease. The 373 

effect of acromegaly on the abnormal clot structure properties is likely multifactorial, with the adverse 374 

metabolic profile observed in these patients, as well as disease activity being associated with 375 

increased thrombotic potential.  376 
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Legends – Tables 474 

 475 

Table 1.  Summary of the acromegaly-related past medical history (biochemical results, disease status 476 

at the time of the study, previous therapeutic interventions and pituitary-related outcomes) for patients 477 

with active disease (n=22) and disease remission (n=18). 478 

 479 

Table 2. Body composition, lipid and glucose profile and prevalence of cardiovascular risk factors in 480 

patients with active acromegaly (n=22), patients in remission (n=18) and control subjects (n=40). 481 

BMI: body mass index; LBM: lean body mass; SKF: skinfold thickness; TBW: total body weight; 482 

WHR: waist-hip ratio. 483 

 484 

Table 3. Comparison in clot structure properties, fibrinogen, PAI-1 and CRP among patients with 485 

active acromegaly (n=22), patients with disease remission (n=18) and control subjects (n=40) after 486 

adjusting for BMI, using univariate analysis of covariance (ANCOVA). Results are presented as mean 487 

values with standard deviations. CRP: C reactive protein; PAI-1: plasminogen activator inhibitor-1. 488 

 489 

Table 4. Summary of correlations based on multiple lineal regression analysis after adjusting for 490 

confounding factors (patient group). A p-value of <0.05 was considered statistically significant. NS 491 

refers to statistically non-significant results. N/A: non-applicable  492 

  493 
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Legends – Figures 494 

 495 

Figure 1.  The middle panel shows the fibrin network of clots formed ex vivo from pooled plasmas of 496 

(i) all controls (N=40); (ii) patients with active disease (n=22); and (iii) patients with disease 497 

remission (n=18), obtained by laser scanning confocal microscopy, in conjunction with clots 498 

maximum optic density (top panel), as calculated by turbidimetric assay and number of fibres per 100 499 

μm (bottom panel) incorporated in the clot structure. A higher density of clot fibrin network was 500 

observed in patients with active acromegaly compared with controls as also supported by the higher 501 

clot maximum optic density (*, p=0.004) and the higher number of fibres/100 μm (**, p=0.004). 502 

Patients with active disease also higher number of fibres/100 μm compared with patients with disease 503 

remission (***, p=0.005). In contrast, there was no difference in the maximum clot optic density and 504 

number of fibres/100 μm between patients with disease remission and controls. 505 

  506 
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Table 1.  507 

 Patients with active 

acromegaly (n=22) 

Patients with disease 

remission (n=18) 

p-value 

Age (years) 51±13 55.3±13 0.3  

Male/Female 13/9 8/10 0.545  

Current GH (mcg/L) 2.6 (0.8-3.5) 0.3 (0.1-0.68) <0.001  

Current IGF-1 (% ULN) 131.7 (106.9-212.2) 72.5 (58.3-94.0) <0.001  

Mean age at diagnosis of acromegaly 

(years) 

40.6±12.8 40.9±12.0 0.93 

Estimated age at onset of symptoms 

(years) 

33.7±12.5 33.2±12.2 0.9 

Duration of active disease (years) 11.8 (8.25-23.5) 6.0 (5.0-16.5) 0.11 

Duration of disease remission (years) 0 (0-2.0) 8.25 (4.1-13.9) <0.001 

GH at diagnosis (mcg/L) 19.4 (5.9-33.3) 8.55 (4.1-22.5) 0.34 

IGF-1 at diagnosis (% ULN) 307 (158.7-413.5) 275.7 (185.4-368.4) 0.85 

Trans-sphenoidal surgery 19 (86.4%) 16 (88.9%) 1.00 

Cranial radiotherapy 13 (59.1%) 7 (38.9%) 0.42 

Medical therapy 14 (63.6%)  8 (44.4%) 0.37  

Hypopituitarism    

 LH/FSH deficiency 6 (27.3%)  7 (38.9%) 0.66 

 ACTH deficiency 9 (40.9%) 8 (44.4%) 0.92 

 TSH deficiency  5 (22.7%) 5 (27.8%)  0.7 

 ADH deficiency 0 (0%) 3 (16.7%) 0.08 

 508 

  509 
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Table 2.  510 

 Active 

disease 

Disease 

remission 

p-

value 

Active 

disease 

Controls p-

value 

Disease 

remission 

Controls p-

value 

Age (years) 51±13 55.3±13 0.3  51±13 53.2±12.

5 

0.5 55.3±13 53.2±12.

5 

0.56 

Male/Female 13/9 8/10 0.545  13/9 21/19 0.82 8/10 21/19 0.78 

BMI (kg/m2) 29.4±5.3 30.8±5.7 0.45  29.4±5.3 26.7±4.1 0.03 30.8±5.7 26.7±4.1 0.003 

WHR 0.9±0.08 0.92±0.08 0.43  0.9±0.08 0.87±0.0

8 

0.2 0.92±0.08 0.87±0.0

8 

0.044 

Total Fat Mass 

(kg) 

28.3±11 31.6±8.8 0.3  28.3±11 23.4±10 0.08 31.6±8.8 23.4±10 0.004 

Total LBM (kg) 58.3±12.3 58.9±15.7 0.9  58.3±12.3 53.8±12.

2 

0.17 58.9±15.7 53.8±12.

2 

0.18 

TBW (kg) 42.7±9 43.2±11.5 0.9 42.7±9 39.4±9.0 0.17 43.2±11.5 39.4±9.0 0.18 

Summative SKF 

(mm) 

59±21.5 66.9±22.2 0.26 59±21.5 61.3±22.

7 

0.71 66.9±22.2 61.3±22.

7 

0.38 

Total Cholesterol 

(mmol/L) 

5.0±1.0 5.8±1.5 0.06 5.0±1.0 5.4±0.9 0.09 5.8±1.5 5.4±0.9 0.3 

LDL (mmol/L) 2.7±0.8 3.45±1.3 0.03  2.7±0.8 3.2±0.75 0.017 3.45±1.3 3.2±0.75 0.4 

HDL (mmol/L) 1.7±0.6 1.6±0.5 0.6 1.7±0.6 1.7±0.45 0.74 1.6±0.5 1.7±0.45 0.3 

Triglycerides 

(mmol/L) 

1.3±0.9 1.7±0.8 0.04  1.3±0.9 1.1±0.5 0.19 1.7±0.8 1.1±0.5 0.001 

Fasting glucose 

(mmol/L) 

4.9±0.9 4.9±0.65 0.96 4.9±0.9 4.7±0.4 0.17 4.9±0.65 4.7±0.4 0.1 

HbA1c 

(mmol/mol) 

41.2±12.9 39.7±8.9 0.67  41.2±12.9 37±4.5 0.065 39.7±8.9 37±4.5 0.12 

Diabetes/Impaired 

glucose tolerance 

3 2 1.0  3 0 0.04 2 0 0.09 

Hypertension  6 7 0.66 6 4 0.14 7 4 0.025 

Dyslipidaemia 3 5 0.43  3 1 0.12 5 1 0.009 

Smokers/Ex-

smokers/Non-

smokers 

4/6/12 0/8/9 0.13  4/6/12 2/9/21 0.38 0/8/9 2/9/21 0.29 

 511 
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Table 3.  

 Active disease 

(n=22) 

Disease 

remission 

(n=18) 

p-value Active disease 

(n=22) 

Controls (n=40) p-value Disease remission 

(n=18) 

Controls 

(n=40) 

p-value 

Lag time (sec) 515.6±15.1 570.2±16.8 0.02  519.0±17.0 528.0±12.4 0.67 572.3±19.3 529.8±12.6 0.08 

Maximum 

optic density 

(arbitrary units) 

0.41±0.03 0.35±0.03 0.18 0.39±0.02 0.33±0.01 0.03  0.345±0.03 0.33±0.02 0.6 

50% Lysis time 

(min) 

25.5±4.3 33.2±4.8 0.24 23.1±3.1 24.0±2.3 0.83 33.5±4.3 23.6±2.8 0.066 

 

Lysis Area 

(arbitrary units) 

849.7±130.9 837.9±144.8 0.95 748.4±97.6 607.0±72.5 0.26 834.5±99.8 590.1±65.9 0.053 

Fibrinogen 

(mg/ml) 

3.9±0.3 3.2±0.4 0.2 3.8±0.2 2.6±0.2 <0.001  3.25±0.2 2.6±0.15 0.02 

PAI-1 (ng/ml) 8.7±2.4 9.1±2.6 0.9 7.2±1.8 5.6±1.3 0.49 8.5±1.6 5.6±1.1 0.15 

CRP (mg/L) 11.3±5.3 15.2±5.8 0.63 8.6±4.0 11.7±3.0 0.55 13.7±5.3 11.5±3.5 0.74 
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Table 4.  

PATIE

NTS 
              

  
 

 Patient’s 
age 

Gender 

(1=male, 

2=female) 

BMI Total fat 

mass 

Summative 

skinfold 

thickness 

WHR Current 

GH  

Current 

IGF-1 

Diabetes 

(0=no 

diabetes, 

1=pre-

diabetes, 

2=diabetes) 

Hypertensi

on (0=no, 

1=yes) 

Dyslipidae

mia (0=no, 

1=yes) 

Smoking 

(0=no, 

1=ex-

smoker, 

2=current 

smoker) 

Duration 

of active 

disease 

Duration 

of disease 

remission 

Current 

medical 

therapy 

(0=no, 

1=yes) 

Fibrinogen PAI-1 

Lag 

time 

Coefficie

nt 1.7, 

p=0.035 

NS NS NS NS NS Coefficie

nt -11.5, 

p=0.021 

NS NS Coefficient 

-39.7, 

p=0.056 

NS Coefficient 

-35.4, 

p=0.02 

NS NS NS Coefficient 

-17.8, 

p=0.012 

N/A 

Max 

OD 

NS NS Coefficie

nt 0.008, 

p=0.044 

Coefficie

nt 0.008, 

p=0.041 

Coefficient 

0.002, 

p=0.048 

NS NS NS NS NS NS NS NS NS NS Coefficient 

0.06, 

p<0.001 

Coefficient 

0.004, 

p=0.02 

50% 

Lysis 

Time 

NS NS Coefficie

nt 1.09, 

p=0.07 

NS Coefficient 

0.28, 

p=0.04 

NS NS NS Coefficient 

10.9, p=0.03 

NS NS NS NS NS NS N/A Coefficient 

1.1, 

p<0.001 

Lysis 

Area 

Coefficie

nt 10.1, 

p<0.001 

NS NS NS Coefficient 

2.8, 

p=0.012 

NS NS NS NS NS NS NS NS Coefficient 

-11.8, 

p=0.015 

NS NS Coefficient 

14.7, 

p<0.001 
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Figure 1.  
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