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Abstract
(Lalieu RC, Akkerman I, van Ooij PJAM, Boersma-Voogd AA, van Hulst RA. Nutritional status of patients referred for
hyperbaric oxygen treatment; a retrospective and descriptive cross-sectional study. Diving and Hyperbaric Medicine. 2021
December 20;5l(4):322—327. doi: 10.28920/dhm5l4.322-327. PMID: 34897596.)
Introduction: Due to the global rise of obesity, the role of nutrition has gathered more attention. Paradoxically, even
overweight persons may be malnourished. This may delay wound healing or recovery of late radiation tissue injury (LRTI).
Hyperbaric oxygen treatment (HBOT) is used to improve wound healing or LRTI complaints. The aim of this study was to
assess the dietary intake levels of nutrients important for recovery in patients referred for HBOT.
Methods: This was a retrospective, cross-sectional study of patients referred for HBOT to a single centre between 2014
and 2019. Patients were offered a consultation with a dietitian as standard care. Information on nutrients was calculated
from questionnaires, and compared to recommended daily allowances.
Results: One hundred and forty-six patients were included (80 female). Eighteen patients were treated for diabetic ulcers, 25
for non-diabetic ulcers and 103 for LRTI. Most were overweight or obese (64.4%), but did not consume the recommended
quantities of calories, protein, or micronutrients. Vitamin C consumption was higher than recommended. Male patients had
a higher intake of calories and protein than female patients but not other nutrients. No differences in intake existed between
age or body mass index categories.
Conclusions: The nutritional status of patients referred for HBOT may be inadequate for healing wounds or LRTI, despite
anthropomorphic data indicating a positive energy balance. Daily attendance for HBOT provides a unique opportunity to
monitor and correct these deficiencies. Routine screening for malnutrition and supplement deficiencies is recommended
for patients referred for HBOT.

Introduction 50% higher than usual? Nutritional deficiencies can prolong
the inflammatory phase, decrease fibroblast proliferation and

The important role of adequate nutrition in health has long
been known. Over the last few years it has garnered increased
attention due of the global rise in obesity.‘ Paradoxically,
the presence of increased body mass index (BMI) does not
translate to being well-fed. In fact, overweight people can
still suffer from nutrient deficiencies, or malnutrition? The
worldwide prevalence ofmalnutrition is, therefore, high but
often unrecognised, and is associated with adverse clinical
outcomes and costs?

Wound healing is one example of health that is negatively
impacted by malnutritionf‘ Energy demand may be up to

alter collagen synthesis, which may lead to a non-healing
wound? Elderly persons are especially at risk for this due
to underlying comorbiditiesl When ulcers become chronic,
they can cause pain and other physical discomforts,8 while
quality of life is also negatively impacted? They are also
an economic burden, influencing health care budgets“)
and causing loss of work.° Non-healing ulcers, especially
diabetic ulcers, may result in amputation of digits or limbs.“
After amputation, overall mortality rate is significantly
increased.” Due to increased life expectancy, the number
of chronic wounds and associated costs is expected to rise
in the coming years.”
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Another example is late radiation tissue injury (LRTI).
Radiation injury after head and neck cancer can present as
osteoradionecrosis of the jaw,” which leads to dental pain,
reduced oral intake and as a consequence, weight loss and
low BMI.” Pelvic radiation may cause radiation enteritis
and thus malabsorption of nutrients, leading to the same
outcome.“

In both groups of patients, malnutrition may contribute
to failure in wound healing as well as increased risk of
postoperative complications, including infections, delayed
recovery, and increased mortality.”

Hyperbaric oxygen treatment (HBOT) may be used to
facilitate healing of both chronic wounds and LRTI.“
The treatment involves inhalation of 100% oxygen under
increased atmospheric pressure, and usually takes place
daily for several weeks. The daily patient contact provides
a unique opportunity to identify and monitor nutritional
status in this at-risk population. Indeed, a recent study
found that one-third of a population treated with HBOT
were moderately or severely malnourished.” The aim of
the current study was to assess the dietary intake levels of
nutrients important for wound healing and recovery from
LRTI in patients referred for HBOT to a single centre over
a period of six years.

Methods

This study was approved by the local Medical Ethical
Commission.

This study uses a retrospective and descriptive cross-
sectional design to assess the dietary intake levels of
nutrients for wound healing and general health. All patients
treated in the hyperbaric centre of the Antonius hospital
in Sneek, the Netherlands, are offered a consultation with
a clinical dietitian (AB) as part of their standard care. All
patients treated between 2014 and 2019 were eligible for
inclusion in the current study. Patients were solely treated
for chronic (diabetic) wounds and LRTI; no acute indications
were treated. Patients who had been treated earlier at this
centre, and thus already received advise on improving
nutrition, were excluded. Additional exclusion criteria were
the standard safety exclusion criteria for HBOT. No other
exclusion criteria were applied. The data from the dietary
consultation was generated as part of regular care and
anonymously and retrospectively used in the current study.

The dietitian took a standard recall questionnaire of a single
24-hour midweek food intake period and entered this into
a software system (Nevo-Online, version 5.0, 2016). The
Dutch Food Composition Database (NEVO) contains data
on the composition of foods. NEVO is owned by the Dutch
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Ministry of Health, Welfare and Sports, and is maintained
at the Dutch National Institute for Public Health and the
Environment (RIVM). Data generated included a nutrient
analysis of the patient-reported diet on a per-day basis. The
software programme extracts information on 26 nutrients
from the entered data, including calories, proteins, fats
and several vitamins and trace elements. Based on age,
gender and body composition, a personal recommended
daily allowance (RDA) was calculated. For vitamins and
minerals, a standard RDA was provided based on European
guidelines.” The increased nutritional requirements for
wound healing were also taken into account when calculating
the RDA. When deficiencies were found, supplements
were prescribed. Vitamin C was always supplemented,
as recommended for complex wound healing.6 See
Appendix l =1‘ for an example calculation.

For this study, information on calories, proteins, iron, zinc
and vitamins A, C, D and E was collected. Age and gender
were recorded, and height and weight were measured
to calculate BMI. BMI was categorised as underweight
(< 18.5 kg-m'2), normal weight (l8.5—24.9), overweight
(25—29.9) and obese (> 30). The different treatment
indications were categorised as LRTI and diabetic or non-
diabetic wounds; LRTI was further split into different body
regions (e.g., breast, head and neck, colorectal, etc.).

STATISTICAL ANALYSIS

Descriptive statistics for continuous variables were reported
as medians with interquartile ranges. Discrete variables were
reported as numbers and percentages. Comparisons of intake
of all nutrients between gender, age (continuous) and BMI
categories and different indications were made with one-
way ANOVA. Daily intake of all nutrients was compared
against the RDA for female and male patients separately.
Since the data were not normally distributed after a
Shapiro-Wilk test, a Wilcoxon signed-rank test was
performed for the comparison. The null hypothesis for each
test was that there is no difference between groups and that
daily intake does not differ from the recommended intake.
A P-value < 0.05 was considered statistically significant for
all tests. All statistical analyses were performed with SPPS
version 26 (IBM, New York, USA).

Results

During the study period, 146 patients were included, of
which 80 were female (54.8%). Eighteen patients were
treated for a diabetic ulcer, 25 patients for a non-diabetic
ulcer and 103 patients for LRTI. The median age was 66
years (interquartile range [IQR] 53 to 74) and the median
BMI was 26.4 kg-m'2 (IQR 23.8 to 29.5). Most patients
(41.8%) were overweight (Table 1).

Footnote: * Appendix 1 is available on DHM Journal's website: https://wwwdhmjournal.com/indexphpljournals‘?id:287
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General description ofpopulation; data are median (interquartile range) or n (%); BMI — body mass index; LRTI — late radiation tissue injury
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Table 1

Parameter Total
n = 146

Female
n = 80

Male
n = 66

Age (years) 66 (53-74) 59 (51-72) 70 (61-77)
BMI (kg-m'2) 26.4 (23.3-29.5) 27.1 (23.3-31.3) 25.9 (24.5-2s 7)
Underweight (BMI < 18.5) 3 (2.1) 2 (2.5) 1 (1.5)
Normal weight (BMI 18.5-24.9) 49 (33.6) 26 (32.5) 23 (34.8)
Overweight (BMI 25—29.9) 61 (41.8) 30 (37.5) 31 (47.0)
Obese (BMI > 30) 33 (22.6) 22 (27.5) 11 (16.7)

Diabetic wound 18 (12.3) 8 (10.0) 10 (15.2)
Non-diabetic wound 25 (17.1) 10 (12.5) 15 (22.7)
LRTI 103 (70.5) 62 (77.5) 41 (62.1)
Breast 36 (35.0) 36 (53.1)
Head and Neck 10 (9.7) 3 (4.8) 7 (17.1)
Urologic 27 (26.2) 5 (8.1) 22 (53.7)
Gynaecologic 8 (7.8) 8 (12.9)
Colorectal 10 (9.7) 4 (6.5) 6 (14.6)
Other 12 (11.7) 6 (9.7) 6 (14.6)

Median daily intake and RDA of all nutrients are reported
in Tables 2 and 3 for females and males respectively. Also
included is the number ofpatients that managed to reach their
RDA. Most patients did not consume the amounts of calories,
protein, vitamins A and D and zinc that were recommended
for them. Conversely, around 70% of patients consumed
vitamin C above the recommended level. More female
patients achieved their RDA of calories and protein than
male patients. For iron, more male patients achieved their
RDA than female patients. There was no gender difference
in intake of other nutrients. Furthermore, no differences
in intake existed between age or BMI categories (findings
not shown). Although there were statistically significant
differences in vitamin A intake between the breast, head
and neck and other LRTI categories, this was not considered
clinically relevant. No other differences were found between
LRTI subgroups.

Discussion

These data show that nutrition status is suboptimal in most
patients referred for HBOT with wound healing problems or
LRTI, despite the fact that more than 60% were overweight
or obese based on BMI. This may not immediately impact
general health but may prolong already delayed healing
of wounds or LRTI. The results confirm those reported
previously,” in which 30% of patients referred for HBOT
were at risk for malnourishment.

Calories and protein are well-known factors that influence
healing processes in the human body. The number of calories
consumed per day is a measure of energy, which may be
produced from different sources, such as carbohydrates,

protein or fats.°’2° Other than a source of energy, proteins are
used for tissue growth, can be broken down to amino acids,
and be used for synthesis of different proteins.“i2° Some of
these amino acids are essential, meaning they cannot be
synthesised by the body but need to be derived from intake
of food. The uptake and utilisation of proteins is partly
dependent on certain vitamins and trace elements, such as
zinc.” Vitamin A is derived from carotenoids in vegetables
that enhances the early inflammatory phase and plays a role
in the proliferation and re-epithelization phases.“*2° Vitamin
C is a cofactor for collagen synthesis, reduces reactive
oxygen species (ROS) and facilitates uptake of iron, among
many other roles.” Vitamin D plays an important role in
the regulation of cell proliferation and differentiation, and
in the modulation of immune system responses. There is
growing evidence it might protect against cancer, prediabetes
and metabolic syndrome.“ The role of vitamin E is mostly
that of antioxidant, reducing ROS and thereby limiting
their deleterious effects on cell membranes, and facilitating
wound healing.4~2° Zinc is a cofactor for major enzyme
systems, facilitates carbohydrate metabolism and plays a
role in uptake of certain vitamins, such as vitamin A.“’2°
Finally, iron is used in heme in red blood cells to facilitate
oxygen transport, and iron deficiency may lead to anaemia.
It also plays a role in mitochondrial respiration and immune
function.”

There is ample research on the role of nutrients in wound
healing in the human body.‘ While LRTI may lead to non-
healing wounds, the underlying mechanism differs from
other chronic wounds such as diabetic ulcers. Exposure to
ionising radiation produces ROS,” causing direct damage to
DNA and proteins, which in turn leads to cell death.“ This
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also leads to loss of vascular tissue, causing hypoxia, and an
overproduction of proinflammatory markers in the radiated
tissue.” This hypoxic and proinflammatory state persists
even after radiotherapy has ended,“ and this continued
inflammation is one of the most important factors causing
LRTI.” HBOT may be used to improve tissue oxygenation
and decrease circulating levels of proinflammatory
cytokines.” However, it also leads to increased production
of ROS. Antioxidants counter the production of ROS, and
since exposure to hyperoxia during HBOT is usually limited,
normal levels of antioxidants are usually adequate to counter
the extra production caused by HBOT.” In the human body,
certain enzymes act as antioxidants, but there are also non-
enzymatic antioxidants, such as vitamins C and E, which
can be acquired from food.” Eating food rich in these
vitamins is recommended to maintain an adequate supply.”
Since most people are aware of the beneficial properties of
vitamin C, this is probably the reason why this is consumed
more than average. While not an antioxidant itself, zinc can
help maintain enzymatic antioxidants.”

STRENGTHS AND LIMITATIONS

The above list of nutrients is not exhaustive when it comes
to wound healing or other regenerative processes. The
vitamin B complex, magnesium and lipids are examples
of other nutrients that are necessary in wound healing.‘-2°
Therefore, this study gives an incomplete picture. However,
it is argued that since most of the nutrients reported are
already deficient in this population, this will not be different
for other nutrients. Another limitation of this study is the
method of data gathering. A single 24-hour period was
used to measure average intake, and intake on other days
and weekends may very well differ from this measurement.
However, this short time-period was deliberately chosen,
as keeping a week-long food diary was considered too
impactful next to HBOT. Furthermore, questionnaires are
inherently biased since patients may forget or choose to omit
certain foods on it. For future studies specifically looking at
nutrients, a food diary spanning multiple days may improve
accuracy. Although biomarkers in urine or blood samples
might also provide more information regarding a person’s
nutritional status, these biomarkers are not specific enough
to detect malnutrition.” However, they can be used as an
early signal of certain deficiencies.” A last limitation is
the population itself, which is mostly composed of patients
from a northem province of the Netherlands which is not
as densely populated or urbanised as other parts. Although
there are no specific data on this topic, dietary habits (and
thereby nutrition) may differ from persons living in other
parts of the Netherlands.

Aside from these limitations, the strength of the current
study is the inclusion of a relatively large group of patients
with different morbidities. This is likely a representative
sample of the population that is usually referred for HBOT
in the Netherlands. Furthermore, data on intake and personal

RDA of a large number of nutrients are included, instead of
only dietary habits or certain food groups. This provides an
opportunity for direct supplementation and a more targeted
approach.

Conclusions

The current study adds to the literature by highlighting that
energy, protein and micronutrient intake may be suboptimal
in patients attending HBOT. This may be because they
cannot meet the increased metabolic demand presented by
their affliction. The daily attendance for HBOT provides a
unique opportunity to monitor and correct these deficiencies.
However, a robust, prospective study with a large population
is warranted to further examine the specific deficiencies
that may be present in this population. These data should
be further contextualised with treatment results and quality
of life parameters. In the meantime, it is recommended to
routinely screen patients referred for HBOT for nutritional
intake and to supplement deficiencies when necessary.
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