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ABSTRACT
Tissue hypoxia has been previously described in diabetes, it is usually ascribed to local inﬂammatory changes and micro vascular
complications. Hypoxia manifests clinically by an array of signs and symptoms, leading to detrimental effects including aggravating the
diabetic complications and worsening the prognosis. However, a simple bed side scale for detection of hypoxic manifestations in inpatients
remains to be developed. The aim of this study was to identify the most common clinical signs of hypoxia patients with uncontrolled type
II Diabetes mellitus age 70 or older and formulate an effective clinical tool for recognition of hypoxic states in this population. To that
end medical records from admission to discharge were assessed to look for presence of any of the following parameters: BP > 140/90,
HR > 100, RR > 20, arrhythmias, ABG, cyanosis, impaired judgment, supplemental oxygenation, presence respiratory treatment as
hospital medications, history of cardiovascular disease, history of pulmonary disease, use of cardiovascular medications at home, use of
respiratory medications at home, and length of stay in hospital. Results revealed an association between uncontrolled Type II Diabetes
Mellitus and hypoxic states in the elderly, and six statistically signiﬁcant criteria were identiﬁed and grouped together to create a hypoxic
scale. Practical implementation of this scale can result in lower cost of healthcare by decreasing length of hospital stay through early
recognition of hypoxic state, activation of medical care to prevent destabilization of the patient, and exercise higher level of medical care
later in hospital course.
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INTRODUCTION
Type II Diabetes Mellitus (DMII), a chronic metabolic disease
affecting the microcirculation, is characterized by insulin resistance
and elevated blood glucose levels. Adequate control of DMII is
measured using serum levels of Glycated hemoglobin (HgbA1C)
with levels of ≥ 7.0% considered indicative of poor glycemic control
[1]. Interestingly, diabetic patients with poor glycemic control
usually display high levels of glucose outside the cell, but low glucose
levels intracellulary [2]. Metabolic anomalies present in DMII may
precipitate hypoxia defined here as inadequate oxygen tension at the
cellular level. Deficiency of oxygen for aerobic cellular metabolism
is compensated by a glucose dependent anaerobic pathway which
in turn may trigger clinical manifestations of hypoxia including
increased lactate concentration in blood, increased respiratory rates
and hemodynamic changes.
Poor glycemic control may precipitate acute symptoms of
hypoxia such as tachycardia, arrhythmias, dyspnea, tachypnea,
hypertension, anxiety, blurred vision, impaired judgment, euphoria,
lethargy/weakness, and tremors [3]. Tissue hypoxiaas well as lower
levels of cellular oxygenation have been previously described in
decompensated diabetes [4]. Interestingly, hypoxia may occur even
in the absence of hypoxemia as a consequence of a chronic proinflammatory state with intensive microangiopathy exuded by DM
[5]. To note, the dissociation rate constant of hemoglobin from O2 are
not typically affected by DMII, and paradoxically normal saturation
levels are usually found in these patients [6].
Previous studies have shown that hyperbaric oxygen therapy
improves fasting blood glucose in diabetic patients and thus can
be used as a therapeutic intervention for DMII [5]. Moreover an
improved tissue oxygenation has been shown to aid in prophylaxis
against diabetic microangiopathy [7,8] further emphasizing the
importance of tackling hypoxia in diabetic patients. However, lacking
are standardized methods of scaling the manifestations of hypoxia
and thus enabling physicians to monitor and intervene in a timely
manner.
It is thus plausible to propose that DMII patients with poor
glycemic control will display a myriad of measurable clinical
manifestations associated with cellular hypoxia providing the bases for
the development of more assertive monitoring tools in the inpatient
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setting. The main objective for this study was to develop a scale to
monitor clinical signs of hypoxia in this population and formulate
an effective clinical tool for recognition of hypoxic states enem in the
absence of abnormal oxygen saturation levels. We hypothesized that
signs and symptoms of clinical hypoxia would be associated with a
longer length of stay in hospitalized DMII patients.

METHODS
Study design
This study was designed as a retrospective analysis of data
gathered from patients admitted to the hospital between January 1st,
2015 and December 31st, 2015, with small exclusion for readmissions
occurring in 2014 and 2016 when appropriate (n = 202).
Subjects
At the time of hospitalization, patients must have met the
following inclusion criteria: diagnosis of DM II (at least 5 years), A1C
≥ 7.0%, age ≥ 70 years. Both male and female patients were included
in this study.
Measures
Demographic characteristics: Information on demographic
characteristics was collected via electronic medical record from the
time of admission to hospital; including age and sex (See table 1).
Clinical assessment: Once inclusion was met, the medical
record from admission to discharge was assessed to look for the
following parameters: BP > 140/90, HR > 100, RR > 20, arrhythmias,
ABG, cyanosis, impaired judgment, supplemental oxygenation,
presence respiratory treatment as hospital medications, history
of cardiovascular disease, history of pulmonary disease, use of
cardiovascular medications at home, use of respiratory medications
at home, and length of stay in hospital. These data were collected from
the vitals and laboratory values, home medication lists, as well as the
analysis of the patient’s hospital H & P, consult notes, and progress
notes.
Statistical analysis: Through analysis of collected information,
significant signs of hypoxia included: HR > 100 bpm , RR > 20 resp/
min, SBP > 140 mmHg or DBP > 90 mmHg, O2Sat < 92%, Lethargy/
weakness, and Shortness of breath (SOB). Using the aforementioned
parameters we categorize them in present = 1 or absent = 0, a novel
equation was developed to determine hypoxic states in this particular
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population. Addition of all the parameters was used to calculate the
score were higher values were suggestive of higher hypoxia symptoms.
Zamota hypoxic score
HR > 100 + RR > 20 + SBP > 140 or DBP > 90 + O2Sat > 92 +
Lethargy /weakness + SOB = ZHS
Hierarchical Multiple Regression (HMR) analyses were
conducted to test the association between ZHS scores and length
of stay and to demonstrate the contribution of sets of predictors
(including demographics) in length of stay variance.

RESULTS
A total of 200 (F = 85) patients where included in the study. We
found a significant correlation between the ZHS and length of stay (r
.385, P < .001). Moreover, HMR analysis revealed that the ZHS was
an independent predictor of length of stay in the patient population.
Moreover, t-test revealed that patients with ZHS scores of > 3 stayed
significantly (P < 0.001) longer (M ± SD; 8.9 ± 6.6) hospitalized than
those with ZHS of ≤ 3 (5.6 ± 3.6), see figure 1. A total of six specific
criteria were valuable for determining hypoxic state in these patients
with DMII. Statistically, no criterion proved to be superior to another
(p > 0.05), however, the presence of more than three of any of these
criteria was associated with an increased length of hospital stay.
Multiple regression reveled a an increase in length of hospital stay
of up to three days more was found in patients with more than three
criteria independent of gender (Table 2).

DISCUSSION
In this study, we sought to investigate the clinical signs and
symptoms of hypoxia, as well as other objective information currently
gathered as part of inpatient medical care (vitals and laboratory
studies), to create a standardized hypoxic assessment scale which
does not require additional hospital resources or extensive and/or
invasive medical testing. The novel results of this study revealed an
association between DMII and ZHS in this population suggesting
that the developed instrument to measure clinical sings of hypoxia
Table 1: Subjects characteristics according to categories.
Parameter

%Patients

Females

39.5

Males

60.5

Heart Rate > 100 BPM

65

Respiratory Rate > 20 RPM

50.5

Diastolic Blood Pressure > 90 mmHg

93.5

Oxygen Saturation < 92%

29

Anxiety

50.5

Lethargy

41

Cyanosis

2

Respiratory Medications

24

History of Respiratory problems

31.5

Cardiovascular Medications

92

Zamota Hypoxic Score

3.12 ± 1.48

M ± SD

Length of Stay (days)

6.8 ± 5.1

Age (years)

72.2 ± 4.6
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Figure 1: Length of stay and Zamota hypoxic score

Table 2: Multiple Regression Model explaining Length of stay as a factor of
Zamota Hypoxic Score.
Predictor

β

sr

p

Heart Rate > 100 beats/min

.541

.050

.568

Length of stay Respiratory Rate > 20 respirations/min

.427

.042

.666

Systolic Blood Pressure > 140 mmHg
or Diastolic Blood Pressure > 90
mmHg

1.650

.079

.241

Zamota Hypoxic Score

1.040

.294

.015

Sex

1.755

.167

.012

Outcome

could be useful for recognizing over all disease severity of hospitalized
patients and length of stay.
Tissue hypoxia seems to play an integral part in diabetic
eteo pathogenesis, with hypoxia complications affecting the
cardiovascular system [9], accelerating the progression of diabetic
retinopathy [3], diabetic feet [10], and other detrimental effects.
Thus tissue oxygenation has been a modality for alleviating these
detrimental effects [7]. Thus a standardized modality for quick
assessment of the manifestations of tissue hypoxia could be of
clinical value. Accordingly, in the present study it was determined
that six specific criteria were valuable for determining hypoxic state
in these patients with DMII. Statistically, no criterion proved to be
superior to another, however, the presence of more than three of any
of these criteria was associated with an increased length of hospital
stay a finding that merits further investigation and replication. The
data revealed that females had shorter hospital courses in general
when compared to males, however, the increase in length of hospital
stay of up to three days more was found in patients with more than
three criteria independent of gender. Therefore, the hypoxic criteria
predicted increased length of stay which might hold important
clinical implications in the standardization of medical care when
assessing for hypoxic state and implementing medical treatment.
These parameters can be easily identified and extracted from the
data routinely collected as part of the inpatient medical care. We
are proposing to implement these six criteria in a Yes/No fashion
in order to recognize hypoxic state. Results of these criteria can be
used to predict length of stay and increase the level of medical care in
order to improve medical outcomes and decrease hospital length of
stay. Early activation of medical management of hypoxic states will
improve hospital course, save human and pharmaceutical resources
in the hospital, and shorten length of hospital stay. As a result, overall
cost of hospital care will decrease.
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CONCLUSIONS
Using the results of the present scale, we propose that early
implementation of short-term oxygen therapy in patients with > 3
clinical signs of hypoxia could potentially result in decreased LOS
and improved patient and hospital outcomes. We propose nasal
cannula at 2LPM for 2 hours twice daily (70/7.0/2-2-2).Moreover,
developing a hypoxic scale can provide an additional tool to assess
level of hypoxia in other medical conditions where hypoxia can
occur, i.e metabolic diseases, toxicology, pulmonary diseases, and so
on. We propose the use of the ZHSin other possible medical hypoxic
states in order to improve medical management and collect data to
corroborate the practical significance of this research.
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