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50–79 years, (3) a diagnosis of short bowel syn‑
drome, and (4) no less than 3 days of PN per week. 
The exclusion criteria comprised (1) a history of 
CVD, (2) age over 79 years, (3) terminal illness, or 
(4) refusal or inability to give informed consent.

Information about lifestyle behaviors, diabe‑
tes status, and a history of hypertension was ob‑
tained via a questionnaire.

Physical measurements of height, weight, and 
blood pressure were taken. Serum levels of CRP, 
total and high ‑density lipoprotein (HDL) cho‑
lesterol, and triglycerides were tested. Repeated 
measurements of CRP and total cholesterol se‑
rum levels were performed in the study group. 
The follow ‑up examinations were part of standard 
care in that group of patients. Data from the pe‑
riod between April 2015 and April 2021 were an‑
alyzed. The cutoff point for CRP as a marker of 
CVD was established at 3 mg/l (low / moderate 
risk, <3 mg/l; elevated risk, ≥3 mg/l).6

The online PCE CV Risk Calculator was used 
to estimate the 10 ‑year risk for atherosclerotic 
CVD (ASCVD) (https://framinghamheartstudy.
org/fhs ‑risk ‑functions/cardiovascular ‑disease‑
‑10 ‑year ‑risk/). For each participant, information 
on age, sex, systolic blood pressure (SBP), antihy‑
pertensive treatment, history of diabetes, treat‑
ment with statins, smoking status, aspirin ther‑
apy, as well as total and HDL cholesterol serum 
levels was entered into the calculator. The sum‑
mation of points assigned to each of these vari‑
ables resulted in a continuous score estimating 
the risk for developing ASCVD in the next 10 
years. The equation for non ‑Hispanic white race 
was used. Low risk was defined as a 10 ‑year AS‑
CVD risk of less than 5%; borderline / interme‑
diate risk, as 5% to 19.9%; and high risk, as 20% 
or greater.7

Introduction Many studies suggest that diet sig‑
nificantly influences the risk of cardiovascular 
disease (CVD) and has a fundamental role in its 
prevention.1,2 Nutrition affects CVD risk direct‑
ly through physiological, molecular, and biologi‑
cal changes, which may trigger inflammation and 
oxidative stress.3

The aim of parenteral nutrition (PN) is to pro‑
vide, through intravenous administration, ade‑
quate amounts of amino acids, glucose, lipids, 
electrolytes, vitamins, trace elements, and water 
to prevent malnutrition. The amount of individ‑
ual components in the PN admixtures is strictly 
controlled for each patient. For this reason, pa‑
tients requiring long ‑term PN are a unique pop‑
ulation with a controlled micro‑ and macronu‑
trient provision.4

There are several methods to assess CVD risk, 
and some of them were adapted for selected 
groups of patients.5 There are no recommenda‑
tions for CVD risk assessment in individuals re‑
ceiving long ‑term PN. Risk stratification results 
based on the commonly used tools can be affect‑
ed by clinical and biochemical changes associat‑
ed with long ‑term PN.

The aim of the study was to assess the differ‑
ences in CVD risk in patients receiving long ‑term 
home PN (HPN), estimated using the following 
methods: (i) C ‑reactive protein (CRP) serum lev‑
el; (ii) the 2018 Pooled Cohort Equation (PCE) 
ASCVD 10 ‑year Risk Calculator, and (iii) the Sys‑
tematic Coronary Risk Evaluation (SCORE).

Patients and methods Patients receiving PN 
(study group) and healthy volunteers (control 
group) were recruited over a period of 7 months. 
The inclusion criteria for the study group were as 
follows: (1) HPN for at least 6 months, (2) age,  
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low‑ or moderate‑risk. According to the PCE and 
SCORE results, among the HPN individuals there 
were 7 (29.2%) and 4 patients (16.7%) in the low‑
‑risk group, 15 (62.5%) and 14 patients (58.3%) 
in the borderline / intermediate / moderate ‑risk 
group, and 2 (8.3%) and 6 patients (25%) in 
the high ‑risk group, respectively. Repeated long‑
term measurments of total cholesterol levels did 
not affect risk stratification of HPN patients based 
on the SCORE results and changed the risk group 
qualification based on the PCE in a single patient 
from high to intermediate risk (20.2% vs 19.7%).

Discussion Patients receiving long ‑term PN have 
good control of lipid intake. The production of 
cholesterol is impaired in this population. In par‑
ticular, the serum lathosterol ‑to ‑cholesterol ra‑
tio is significantly lowered, resulting in reduced 
cholesterol production.10

As in other chronic states, CVD risk in PN pa‑
tients is related to a combination of traditional 
cardiovascular risk factors and disease ‑specific 
factors. The latter could increase or decrease 
the CVD risk. In our study, the relatively low se‑
rum level of total cholesterol in PN patients could 
result in their qualification to a group with lower 
CVD risk according to SCORE and PCE.

Currently, there is limited information about 
blood pressure changes in patients receiving long‑
‑term HPN. In the present study, we found that 
SBP was lower in HPN patients compared with 
healthy controls. The PN formula contains lip‑
ids, which could potentially explain the reduced 
blood pressure.11,12 Furthermore, the reduced SBP 
in HPN patients could also affect the SCORE and 
PCE results.

We found no literature data regarding CVD 
risk assessment in long ‑term PN patients. Al‑
though PN is applied due to serious medical con‑
ditions, many patients on long ‑term PN live 
for over 10 years with an improved quality of 
life (with some receiving the therapy for up to 
30 years).13

In the presented study group of 24 HPN pa‑
tients, a single episode of CVD was noticed. It 
was an ischemic stroke in a 63 ‑year ‑old woman 
(total duration of PN, 9384 days) with moderate 
risk based on the SCORE assessment, low risk 
according to the PCE, and elevated risk accord‑
ing to both single ‑point and repeated measure‑
ments of the CRP level.

The paucity of literature data on CVD risk in 
HPN patients is likely due to the fact that CVD 
events are uncommon in this population, and it is 
difficult to draw conclusions based on data from 
a single center. A growing population of long ‑term 
PN patients with a survival time of more than 10 
years would benefit from proper CVD risk strat‑
ification. Therefore, taking PN ‑specific risk fac‑
tors into consideration should allow more accu‑
rate CVD risk stratification, as is the case with 
other diseases.14,15

The main limitation of the present study is 
the relatively small size of the study group. There 

The  SCORE system was used to estimate 
the 10 ‑year risk of a fatal atherosclerotic event. 
The SCORE chart assessment is based on the fol‑
lowing risk factors: age, sex, SBP, total cholester‑
ol level, and smoking status.8 A version of the risk 
chart for the high ‑risk population was used.9 Low 
risk was defined as <1%; moderate, as ≥1% and <5%; 
high, as ≥5% and <10%, and very high, as ≥10%.

Statistical analysis Mean values with SD and 
medians with interquartile ranges (IQRs) were 
computed for continuous variables. Compari‑
sons between the 2 groups were performed us‑
ing the t test for independent variables, the χ2 
test for smoking status and diabetes history, 
the Kolmogorov–Smirnov test for the SCORE 
values, and the Mann–Whitney test for the PCE 
results and triglycerides / CRP levels (nonnormal 
distribution). PAWS Statistic 18 (SPSS Inc, Chica‑
go, Illinois, United States) was used to perform 
statistical analyses. A P value of less than 0.05 
was considered significant.

All study participants signed an  informed 
consent form prior to enrolment in the study. 
The study was approved by the Bioethics Com‑
mittee of the Center of Postgraduate Medical Ed‑
ucation (approval no. 46/PB/2017).

Results A total of 24 HPN patients (12 men and 
12 women) from 270 individuals treated at the 
outpatient clinic of the Department of General 
Surgery and Clinical Nutrition met the inclusion 
criteria and entered the study. The control group 
included 24 healthy volunteers (11 men, 13 wom‑
en). The study results are summarized in TAbLE 1. 
The study and control groups were matched for 
baseline characteristics of age, body mass index, 
as well as smoking and diabetes statuses.

The indications for PN were as follows: mes‑
enteric vascular events (n = 10), complications 
of noninflammatory bowel disease or noncancer 
abdominal surgery (n = 5), inflammatory bowel 
disease (n = 3), and others (n = 5). A single pa‑
tient had a history of cancer (a long ‑term survi‑
vor with 6390 days of PN).

All participants in the study group were put on 
individualized PN mixtures. Various formulations 
of lipid emulsions were used in the PN combina‑
tions: 13 patients were given an emulsion with 
soybean oil (Intralipid; Fresenius Kabi AB, Uppsa‑
la, Sweden); 7 patients, an emulsion with a com‑
bination of fish, soybean, olive, and coconut oils 
(SMOFLipid; Fresenius Kabi AB); and 4 patients, 
an emulsion based on olive and soybean oils (Clin‑
Oleic; Baxter Ltd, Warsaw, Poland). Oral feeding 
covered between 5% and 50% of the nutritional 
needs of HPN patients.

The repeated measurements of CRP and to‑
tal cholesterol serum levels were performed 
within a mean (SD) of 1800.08 (450.85) days. 
Single ‑point CRP results classified 12 PN pa‑
tients (50%) as low‑ or moderate ‑risk. Based on 
the median value of the repeated CRP measure‑
ments, 2 PN patients (8.3%) were classified as 
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was only a limited number of long ‑term HPN pa‑
tients in a single center. This is widely reflect‑
ed in many publications on this topic. Differ‑
ences in the etiology of short bowel syndrome 
in the HPN patients is another study limita‑
tion. In some patients, the etiology could im‑
pact the CVD risk. The relatively small number 
of long ‑term HPN patients makes it difficult to 
find homogeneity in the etiology of short bow‑
el syndrome and, consequently, an appropriate‑
ly sized group.

To conclude, 92% of adult patients on long‑
term PN were categorized into the low or interme‑
diate CVD risk group according to the PCE results, 
75% according to the SCORE assessment, 50% ac‑
cording to the single ‑point CRP measurements, 
and only 8% according to repeated CRP measure‑
ments. Repeated long‑term measurments of to‑
tal cholesterol levels did not change the SCORE 
risk group qualification of the HPN patients and 
changed the PCE risk group qualification in a sin‑
gle patient from high to intermediate risk.

TAbLE 1 Baseline characteristics of the study cohort and the main study findings

Parameter Study group (n = 24) Control group (n = 24) P  value

Mean (SD) / na Median (IQR) Range Mean (SD) / na Median (IQR) Range

Age, y 62.25 (5.06) 60.5 (58.75–65.5) – 61.83 (5.82) 62.5 (57–66) – 0.79b

BMI, kg/m2 22.77 (2.80) 22.82 (20.73–24.14) – 24.01 (1.75) 23.73 (22.53–25.38) – 0.07b

Cigarette smoking, 
yes / no, n

13/11 – – 11/13 – – 0.56c

Diabetes, yes / no, n 1/23 – – 1/23 – – 1c

PCE 9.02 (7.81) 6.65 (4.9–10.9) 1.5–38.3 16.65 (13.37) 14.2 (5.82–26.7) 0.8–52 0.056d

SCORE 3.79 (2.69) 2.0 (2.0–5.25) 1–9 5.04 (4.88) 3.0 (1.75–8.25) 1–21 0.03e

Total cholesterol, mg/dl 136.04 (41.53) 135.5 (104.0–165.75) 76–209 221.38 (40.81) 220.0 (208.5–239.25) 124–297 0.0001b

HDL cholesterol, mg/dl 44.87 (13.03) 42.85 (39.32–48.4) 28.6–93.2 77.04 (23.91) 72.15 (64.47–88.95) 41.5–129.7 0.0001b

Triglycerides, mg/dl 130.79 (92.12) 100.5(75.5–162.0) 30–406 97.598(0.82) 88.0 (59.5–117.5) 31–329 0.23d

CRP, mg/l 16.57 (46.03) 3.26 (2.27–8.57) 1.15–223.98 5.10 (3.66) 4.22 (2.9–4.98) 1.19–17.16 0.74d

SBP, mm Hg 122.21 (20.6) 126.0 (107.5–132.5) 90–165 137 (20.82) 133.5 (125.12–151.25) 101–190 0.014b

DBP, mm Hg 76.33 (9.96) 75.0 (69.5–82.5) 60–96 86.89 (12.69) 88.0 (76.0–91.62) 66–112 0.002b

Duration of PN, d 3510 (2858.9) 2522.5 (1306–4759) 671–9384 – – – –

Age at PN initiation, y 54.0 (10.2) 55.5 (50–62) 33–69 – – – –

Weekly lipid dosage, g 151.5 (48.8) 140 (140.0–157.5) 60–280 – – – –

Weekly amino acids 
dosage, g

324.79 (57.43) 350 (350–350) 150–350 – – – –

Repeated 
measurements of CRP, n

31.62 (12.55) – 14–68 – – – –

Repeated 
measurements of total 
cholesterol, n

22.87 (5.31) – 12–31 – – – –

a Data are presented as mean (SD) unless otherwise indicated.

b Compared with the t test

c Compared with the χ2 test

d Compared with the Mann–Whitney test

e Compared with the Kolmogorov–Smirnov test

SI conversion factors: to convert cholesterol to mmol/l, multiply by 0.0259; triglycerides to mmol/l, by 0.0113.

Abbreviations: BMI, body mass index; CRP, C ‑reactive protein; DBP, diastolic blood pressure; HDL, high ‑density lipoprotein; IQR, interquartile range; 
PCE, Pooled Cohort Equations Cardiovascular Risk Calculator; PN, parenteral nutrition; SBP, systolic blood pressure; SCORE, Systematic COronary Risk 
Evaluation
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