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Abstract: Objective: The purpose of this study was to show the existence of a specific hypoxic diabetes and investigate 
the effect of prolonged hypoxia on insulin. 

Research Design and Methods: 101 patients diagnosed with hypoxic chronic obstructive pulmonary disease in its 
different stages participated in this study. Family and personal histories as well as other causes of diabetes were 
excluded. Blood glucose and serum insulin response to an oral glucose load were checked during fasting, 30, 60, 120, 

and, 180 minutes. Plasma glucagon, piruvato, and thyroid hormones were analyzed. Pulmonary function testing was 
performed. 

Results: Impaired glucose tolerance in COPD patients were significantly higher than normal control (p < 0.001). The 

plasma glucose and serum insulin response during oral glucose tolerance test corresponded to a diabetic profile with 
pronounced hyperinsulinism (p < 0.01).  

Conclusion: Our results showed that a specific hypoxic type of diabetes occurs under long-term hypoxic condition, 

affecting insulin synthesis and secretion. 

Keywords: Long-term hypoxia, irreversible, pathways, glucose metabolism, hyperinsulinism, autocontrol, specific 

type. 

INTRODUCTION 

In previous report it was announced my finding that 

chronic respiratory failure was a cause of alteration of 

glucose metabolism and a possible diabetic condition. 

Family and personal history, diabetogenic factors such 

as steroids use were excluded. It was the first report in 

literature on this metabolic disorder [1, 2]. Since then, 

there has been valuable publications on this current 

research problem that supported our finding. One of 

them concluded that hypoxic patients have altered 

glucose metabolism [3]. The Third National Health and 

Nutrition Examination (NHANES III) survey results, has 

proved our discovery [4]. Our study was conducted to 

investigate the effect of prolonged hypoxia on insulin, 

and to show the development of a specific or 

secondary hypoxic diabetes. 

MATERIAL & METHODS  

Patients 

101 patients with chronic obstructive pulmonary 

disease (COPD) were studied. 208 healthy control 

subjects as a control group, were selected from the 

Hispanic Healthy and Nutrition Survey (Jan-Feb, 1984). 

The COPD patients were classified according to the 

degree of pulmonary dysfunction (FEV1), and clinically 

based on the intensity of cyanosis, dyspnea and right 
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ventricular dysfunction. There was not obese, BMI= 

21± 4. Average age was 55 years. Patients had no 

family and personal history of diabetes; women had not 

history of macrofetus, spontaneous abortion and 

perinatal mortality. Other specific diabetes were 

excluded, as well as hypertension, stress, steroids, and 

beta adrenergic agonist. Blood sample for glucose and 

insulin measurement was obtained at fasting and, 30, 

60, 120 and 180 minutes after the oral glucose load (75 

gm). Criteria for the diagnosis of diabetes were 

according to the American Diabetes Association (ADA) 

[5]. Serum insulin was analyzed by radioimmunoassay, 

as defined by the Quest Institute of Endocrinology Test. 

Hematology and chemical values, amylase, lactic acid, 

pyruvic acid glucagon and thyroid hormones were 

performed. Forced expiratory volume in one second 

(FEV1), forced vital capacity (FVC), and FEV1/FVC ratio 

were also measured. Assessment of reversion of 

bronchial obstruction was tested using albuterol. 

Arterial blood gases (PAO2, Pa CO2, and O2 Sat) were 

tested. Patient hospitalized, condition = 37.0 C, with a 

plastic gas syringe the sample from the radial artery 

was transported and, kept at room temperature 

mentioned, during 30 min before analyzed. The unit of 

measure was mmHg. Echocardiogram (ECHO) was 

performed. Patients had our personal medical tertiary 

care and, followed during a time-period of 10 years, in 

the Service of Internal Medicine. There was the best 

physician- patient relationship. This study was based 

on the results of medical care and, approved by a local 

Ethics Committee. 
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Statistical Analysis (Adjusted Model) 

Again the COPD group was significantly older than 

the HH group and had no significantly higher number of 

males. After adjusting for the effects of age and sex, 

the COPD group was now 13 times more likely than the 

HH group to have diabetes mellitus (DM); this 

association was significant. Also, the COPD group was 

twice as likely as the control group to have pre-DM; this 

association was also significant. The 0.05 level was 

used to determine statistical significance SAS 9.2 (SAS 

Institute, Inc. Cary, NC) was used for all analysis.  

RESULTS 

From 101 COPD patients, 50 (50 %) had diabetes 

mellitus; 30 (30%) had pre-diabetes; 20 (20 %) were 

normal (<0.001) (Table 1) Comparison DM vs. Normal 

(< 0.001). Pre-DM vs. Normal (<0.001). Mean reduction 

in the FEV  was 48 ± 20 %, and mean FEV  / FVC 

ratio was 58 ± 5 %. Mean PaO  was 60 % mmHg; O2 

Sat 90% for DM; Pa O2 75%; O2 Sat 92m for IGT 

(Table 1). There was significant correlation between 

the severity of hypoxemia and the magnitude of 

glucose alteration (Table 1). The response of plasma 

glucose and serum insulin during OGTT was performed 

on 36 COPD patients, resulting in 8 diabetic associated 

to marked hyperinsulinism specially in the latter parts of 

the test and initially was slower than normal (Table 2 & 

Figure 1) p < 0.01; CI < 95%. Also ten COPD patients 

had hyperinsulinism despite having normal OGTT. 

Mean FPG was 84.2 mg/dl; mean fasting serum insulin 

was 22 U/ml. 

DISCUSSION  

Our study showed that long-term hypoxic condition 

in COPD patients develop alteration of glucose 

regulation including a hypoxic diabetic state, with 

effects on insulin, that are irreversible. This disorder 

commonly occurs 3 to 4 years after the onset of 

respiratory dysfunction This time can be reduced by 

intercurrent acute pulmonary infection such as 

pneumonia which increases hypoxemia, and the injury 

to the endocrine pancreatic tissue is very sensitive to 

poor oxygenation. Therefore, for an accurate 

assessment of the hypoxic effect on the glucose 

metabolism, it is necessary to estimate the appropriate 

time under hypoxic condition to understand of that the 

alteration take place. Unfortunately, this requirement is 

not always observed resulting in a false result. A 

Table 1: Plasma Glucose Distribution, and Correlation with the Result of Spirometry, Blood Gases, and Chronic Lung 
Disease Stage 

Spirometry Stage of glucose 
disorders 

n (%) 

Obstruction Lung test Blood gases CCP 

DIABETES 50 (50%) Irreversible FEV1 48±20 FEV1/FVC 58±1 PO2 66.4% O2 Sat 90 62.2% 

IGT 30 (30%) Irrevers (50%) FEV1 69±10 FEV1/FVC 62±3 PO2 80% O2 Sat 91 10% 

NORMAL 20 (20%) No obstruct FEV1 95±5% FEV1/FVC 8% PO2 95% O2 Sat 95  

Abbreviations: FEV1 forced expiratory volume in 1 second. FVC forced vital capacity. CCP chronic cor pulmonale. 

 

Table 2: Plasma Glucose and Insulin Response During OGTT in Chronic Hypoxic Pulmonary Disease. COPD Chronic 
Obstructive Pulmonary Disease. CCP Chronic Cor Pulmonale 

Oral glucose tolerance test (mg/dl) Insulinemia ( U/ml) Name Sex Age Cyanosis Diagnosis 

Fasting 30 m 60 m 120 m 180 m Fasting 30 m 60 m 120 m 180 m 

FC F 42 + +  COPD 72 144 202 213 210 15.6 30.6 192 78 213 

TRP F 57 + + + COPD 90 214 261 202 66 31.7 95.2 234 402.0 175.6 

VPM F 34 + + CCP 67 108 128 212 238 17.0 39.3 71.7 159.5 185.0 

DGJ M 68 + + + CCP 105 164 297 361 261 39.9 102.6 186.6 146.4 150.9 

LSG M 52 + COPD 61 104 199 220 81 5.4 27.9 45.9 92.1 24.9 

AQS F 53 + + COPD 104 172 261 236 186 21.2 68.5 65.7 102.3 80.4 

LPI F 67 + + COPD 92 172 138 238 30 6.3 8.7 48.1 135.4 154 

GRA F 68 + + + CCP 83 150 218 210 97 44.8 127.3 191.7 295.8 142.21 

Abbreviation: COPD chronic obstruction pulmonary disease. CCP chronic cor pulmonale. 
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significant high percentage of alteration of glucose 

metabolism was found in the population of our study’. 

However, it can be deducted that all patients with 

COPD will develop timely metabolic disorder of 

glucose. Also, It was possible to note a positive 

correlation between the stage of glucose alteration and 

the degree of hypoxemia. Thus, when hypoxic COPD 

patients progress and reach the stage of chronic cor 

pulmonale (CCP) or chronic respiratory failure is 

associated with hyperglycemia. Our patients were not 

overweight but with tendency to lose weight. The 

exposure of young rats to hypoxia for 7 days led to loss 

of the body weight, due to hypoxic anorexia [7].  

The response of blood glucose and serum insulin 

during OGTT performed to a group hypoxic COPD 

patients had the diagnostic criteria of diabetes 

associated to a marked hyperinsulinism. The insulin 

response was typical with the initial poor reaction of the 

pancreatic beta cells combined with exaggerated 

response in the latter part of the test (Figure 1). This 

result is an objective evidence of the existence of a 

specific hypoxic diabetes. The influence of other causal 

factors was excluded. We propose that this 

hyperinsulinism is due, in part, to a compensatory 

response of the beta cells less affected by the hypoxic 

agent and the regenerated beta cells possibly, but 

unrelated with insulin resistance. Study in transgenic 

mice suggests that the presence beta cells, less injured 

lead to incomplete suppression of KATP channels 

activity can give rise to a maintained hyperinsulinism 

[8]. The regeneration of pancreatic beta cells can occur 

through several pathways [9]. The finding of 

hyperinsulinism in a group of 10 COPD patients with 

normal OGTT might be a predictable index of glucose 

intolerance. In these euglycemic COPD patients, our 

strategy was to follow the glucose regulation making 

periodic testing until the metabolic alteration, noticing 

the hypoxic degree.  

It is well known that in many patients, the IGT in 

type II diabetes does not progress to overt diabetes or 

revert to normal. Conversely, once IGT or 

hyperglycemia by hypoxemia in COPD patients 

appears, it never reverts despite the improvement of 

the respiratory function. Also, it is well known that type 

2 diabetes, its IGT and, obesity have insulin resistance, 

contrary to hypoxic diabetes in which insulin sensitivity 

is increased, as we have found in the research study 

and, in our medical practice. The hypersensitivity to the 

insulin has been shown at moderate and extreme 

altitudes [10, 11]. It is a controversial field, since for 

some researcher is normal [12] and for other is 

increased [13, 14]. It is important to emphasize that the 

effect of short-term hypoxia on glucose metabolism is 

temporal, reversible, as has been shown at altitudes 

and experimentally in the perfused pancreatic islets 

exposed to specific hypoxic level (9 min), insulin 

secretion was suppressed [15] and the second phase 

of insulin secretion was reduced by hypoxia [16]. Both 

alterations returned to normal function after the 

perfused pancreas was re-exposed to oxygenated 

solution.  

Our finding or idea consider that long-term hypoxia 

in COPD patients causes the metabolic disorder of 

glucose and the effects on insulin that are irreversible. 

Chronic hypoxia has a central role in the pathogenesis 

of the disturbance, acting in two main ways: the direct 

action on beta cells and under long-term hypoxic 

condition. The former causes injury and damage to a 

cellular mass. This effect was clearly demonstrated in 

restricted area of insulin production with the HIT-1  

expression [17]. Reasonably, this morphological 

alteration would decrease the intracellular ATP 

generation, decrease of glucose uptake, associated to 

the defect of insulin secretion. This change in the beta 

cell function can be expressed by membrane potential 

[8]. In the second way, when oxygen supply is poor as 

in hypoxic COPD, the oxidative decarboxylation of 

pyruvate to acetyl CoA is affected. The latter appears 

to be essential for insulin biosynthesis [18].  

The clinical manifestations of hypoxic diabetes state 

is peculiar. It is a mild form, hyperglycemia is 

moderate, well tolerate, and easily controlled without 

insulin, anorexia and tendency to weight loss. There is 

 

Figure 1: Serum insulin response to oral glucose (75 gm) in 
normal subject  and in hypoxic chronic obstructive 
pulmonary disease . 
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no ketosis prone, but diabetic state can complicate by 

an acute pulmonary infection commonly pneumonia, 

developing severe hyperglycemia and lactoacidosis. 

Then, if insulin is needed physician should be 

cautelous for avoid a fatal hypoglycemia as 

unfortunately has happened, due to marked 

hypersensitivity to insulin. This is one of the reason, it 

is imperative to know this variety of specific diabetes. 

We explain the characteristic of this variety of 

secondary diabetes through the autocontrol based on 

the compensatory mechanism of the hypoxic glycolysis 

and the hypersensitivity of the insulin. This mechanism 

could be adapted to the treatment of type 2 diabetes  

Regarding to chronic complication, we have long 

observed the acceleration of coronary atherosclerosis 

in the course of the hypoxic COPD patients. It was 

recently shown in vitro [19]. The link between COPD 

and cardiovascular disease is not fully understood 

although the intake is possibly due to inflammation [20]. 

Thus, we propose that chronic hypoxemia and its 

diabetes play an important pathogenic role in coronary 

atherosclerosis.  

Our results showed with direct evidence that chronic 

hypoxia causes disorder of glucose metabolism 

including a genuine hypoxic diabetes state 

accompanied with the effect on the synthesis and 

secretion of insulin. This conclusion has direct support 

of valuable experimental research work referred. It is 

crucial to know this specific diabetes by the 

implications in the medical practice and future 

research.  
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