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results of this study show that a more active approach might be
worthwhile in these individuals in that it might reduce the long-
term risk of diabetes. This, along with the small but definite risk
of complications of diabetes associated with the pre-diabetic
state, makes the attainment of normoglycaemia a desirable aim.
For those individuals who fail to achieve normoglycaemia even
with intensive lifestyle changes and the use of metformin, more
intensive treatment might be needed for long-term reduction in
the risk of diabetes. What exactly such intensive treatment should
entail remains to be elucidated by further studies.

India has more than 77 million people with pre-diabetes.2

Efforts to prevent these individuals from developing diabetes
therefore assume importance if the epidemic of diabetes is to be
arrested. In addition, this study also shows that pre-diabetes
occurring in younger age groups has an increased risk of conversion
to diabetes. Whether this is because of the longer duration of the
pre-diabetic state (due to the earlier age of onset) or whether the
phenomenon of anticipation confers a more aggressive type of
disease, is a matter of speculation. Irrespective of the reason, it is
of specific importance to us in India because of the earlier age of
onset of both diabetes and pre-diabetes.2

In conclusion, the DPPOS provides a case for more intensive
treatment of individuals with pre-diabetes. However, the following
questions remain:

1. For individuals who continue to have pre-diabetes in spite of
lifestyle modification and metformin treatment, what should
be the next line of management?

2. Does regression to normoglycaemia also decrease the risk of
complications of diabetes which are known to occur as a

continuum and are present even in individuals with pre-
diabetes?

3. To what extent to do these conclusions apply to Asian Indians?

Further studies are needed to answer these questions.

REFERENCES
1 International Diabetes Federation. IDF Diabetes Atlas, 5th ed. Brussels,

Belgium:International Diabetes Federation; 2011. Available at http://www.idf.org/
diabetesatlas (accessed on 11 Oct 2011).

2 Anjana RM, Pradeepa R, Deepa M, Datta M, Sudha V, Unnikrishnan R, et al.
Prevalence of diabetes and prediabetes (impaired fasting glucose and/or impaired
glucose tolerance) in urban and rural India: Phase I results of the Indian Council of
Medical Research-INdia DIABetes (ICMR-INDIAB) study. Diabetologia 2011;54:
3022–7.

3 Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA, et
al. Diabetes Prevention Program Research Group. Reduction in the incidence of type
2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:393–403.

4 Diabetes Prevention Program Research Group. The prevalence of retinopathy in
impaired glucose tolerance and recent-onset diabetes in the Diabetes Prevention
Program. Diabet Med 2007;24:137–44.

5 Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and exercise
in preventing NIDDM in people with impaired glucose tolerance: The Da Qing IGT and
Diabetes study. Diabetes Care 1997;20:537–44.

6 Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, Ilanne-Parikka P,
et al. Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with
impaired glucose tolerance. N Engl J Med 2001;344:1343–50.

7 Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V; Indian
Diabetes Prevention Programme (IDPP). The Indian Diabetes Prevention Programme
shows that lifestyle modification and metformin prevent type 2 diabetes in Asian Indian
subjects with impaired glucose tolerance (IDPP-1). Diabetologia 2006;49:289–97.

R.M. ANJANA

Dr Mohan’s Diabetes Specialities Centre
and Madras Diabetes Research Foundation

Gopalapuram, Chennai
Tamil Nadu

Continuous positive airway pressure for
metabolic syndrome in obstructive sleep apnoea

Sharma SK, Agrawal S, Damodaran D, Sreenivas V, Kadhiravan
T, Lakshmy R, Jagia P, Kumar A. (Departments of Medicine,
Biostatistics, Cardiac Biochemistry, Cardiac Radiology and
Radiodiagnosis, All India Institute of Medical Sciences, New
Delhi; and the Department of Medicine, Jawaharlal Institute of
Postgraduate Medical Education and Research, Puducherry, India.)
CPAP for the metabolic syndrome in patients with obstructive
sleep apnea. N Engl J Med 2011;365:2277–86.

SUMMARY
The cardiovascular implications of metabolic syndrome, a condition
characterized by a constellation of metabolic disorders including
abdominal obesity, insulin resistance/glucose intolerance and
atherogenic dyslipidaemia, are being increasingly understood in
recent years. The intriguing relationship between metabolic syndrome
and obstructive sleep apnoea (OSA) and consequences of metabolic
syndrome in patients with OSA is presently the subject of extensive
research. This prospective, double-blind, placebo-controlled, cross-
over study conducted at the All India Institute of Medical Sciences,

New Delhi investigated whether treatment with continuous positive
airway pressure (CPAP) would modify the components of metabolic
syndrome patients with OSA syndrome (OSAS) that was of moderate
or greater severity, defined as an apnoea–hypopnoea index (AHI)
score of >15 with excessive daytime somnolence.

Patients with OSAS were randomly assigned to undergo 3 months
of therapeutic CPAP followed by 3 months of sham CPAP, or vice
versa, with a washout period of 1 month in between. Before and after
each intervention, measurements of anthropometric variables, blood
pressure, fasting blood glucose levels, insulin resistance, fasting
blood lipid profile, glycated haemoglobin levels, carotid intima–
media thickness (CIMT) and visceral fat were obtained. Metabolic
syndrome was defined according to the National Cholesterol Education
Program Adult Treatment Panel III (NCEP-ATP III) criteria, applying
Asian cut-off values for abdominal obesity. Seventy-five of the 86
patients (87%) had metabolic syndrome at the time of recruitment (38
in the CPAP-first group and 37 in the sham-first group). In comparison
with sham CPAP, CPAP treatment was associated with significant
mean decreases in systolic blood pressure (3.9 mmHg, 95% CI 1.4–
6.4, p=0.001), diastolic blood pressure (2.5 mmHg, 95% CI 0.9–4.1,
p<0.001), serum total cholesterol (13.3 mg/dl, 95% CI 5.3–21.3,
p=0.005), non-high-density lipoprotein cholesterol (13.3 mg/dl; 95%
CI 4.0–21.8, p=0.009), low-density lipoprotein cholesterol (9.6 mg/
dl, 95% CI 2.5–16.7, p=0.008), triglycerides (18.7 mg/dl, 95% CI
4.3–41.6, p=0.02), and glycated haemoglobin (0.2%, 95% CI 0.1–
0.4, p=0.003).
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Seventy-one of 86 patients (83%) had metabolic syndrome at the
start of CPAP therapy, as compared with 70 of 86 patients (81%) at
the start of sham CPAP. The frequency of metabolic syndrome was
reduced in 11 of 86 (13%) patients undergoing CPAP therapy
compared with 1 of 86 (1%) patients undergoing sham CPAP. After
CPAP therapy, 14 of 71 patients with metabolic syndrome (20%) no
longer fulfilled the criteria for the syndrome, while symptoms of the
syndrome developed in 3 of 15 patients (20%) without metabolic
syndrome at the start. Of the 70 patients with metabolic syndrome at
the start of sham CPAP, 5 (7%) no longer fulfilled the criteria at the
end of the intervention period, while symptoms developed in 4 of the
remaining 16 (25%). Among patients receiving CPAP therapy,
accelerated hypertension developed in 1 patient while 2 others
developed intolerance to CPAP therapy; 1 patient declined to continue
sham CPAP.

The results of this study suggest that in patients with moderate-to-
severe OSAS, 3 months of CPAP therapy lowered blood pressure and
partially reversed the metabolic abnormalities.

COMMENT
Considered by many as God’s gift to the human race, sleep has
intrigued scientists for several generations. Sleep medicine is a
relatively young discipline and is an emerging specialty in India.
Prevalence of OSAS in studies from the West has ranged from
0.3% to 5%, affecting 2%–4% of middle-aged men and 1%–2%
of middle-aged women; the majority of affected individuals
remain undiagnosed.1–4 Even though sparse epidemiological data
are available from India on the epidemiology of OSA, a well-
conducted, two-stage, cross-sectional community-based
prevalence study with a large sample size from Delhi5 showed the
overall prevalence of OSA and OSAS to be 13.7% and 3.8%,
respectively. If these figures are extrapolated to India’s population,
sleep disordered breathing seems to be an under-diagnosed health
problem. Metabolic syndrome6 is increasingly being recognized
as an important public health problem in Southeast Asia, especially
in India. The prevalence of metabolic syndrome has been higher
in patients with OSA as compared to non-OSA patients.7 The co-
occurrence of metabolic syndrome and OSA has been termed as
‘syndrome Z’.8 In a community-based study from Delhi, the
estimated population prevalence of syndrome Z in subjects aged
30–65 years was 4.5% (95% CI 3.7–5.3).9 Among subjects referred
to a sleep laboratory for polysomnography (n=227), the prevalence
of syndrome Z (65%) was much higher.10

In addition to correction of modifiable risk factors such as
recent weight gain, alcohol, sedative/hypnotic use, cigarette
smoking, and chronic nasal obstruction, and appropriate treatment
of associated comorbid conditions such as systemic hypertension,
atherosclerotic disease, heart failure, hypothyroidism and chronic
lung disease among others, CPAP remains the most effective
therapy for symptomatic patients with OSAS.11 CPAP eliminates
upper airway flow limitation by acting as a mechanical stent of the
upper airway, stabilizing the upper airway, augmenting the lung
volume and eliciting a reflex which increases upper airway dilator
muscle tone.

The effect of CPAP on the components of metabolic syndrome
is not yet fully understood. Barring a few exceptions,12 most
studies13–15 have documented a decrease in blood pressure with the
use of CPAP. Studies on the effect of CPAP on insulin
resistance13,16,17 and lipid profile11,18–20 have yielded conflicting
results. The effect of CPAP on metabolic syndrome in patients
with OSA was divergent in two studies.13,21 However, most of the
studies on CPAP assessing the effect of this intervention on the

components of metabolic syndrome have been hampered by small
sample size, a short duration of intervention, and the absence of
a control group or a washout period.12,13,16,17,21

An earlier randomized cross-over trial13 did not show a
significant reduction in the prevalence of metabolic syndrome
after 6 weeks of CPAP therapy. However, this study observed that
in 20% of patients, metabolic syndrome resolved within 3 months.
Similar results were noted in an uncontrolled trial22 where a
significant decline in the prevalence of metabolic syndrome was
documented after 6 months. In this study, a significant reduction
in blood pressure was documented with the use of CPAP.
Furthermore, there was also a significant improvement in the ratio
of high density lipoprotein (HDL) to total cholesterol and levels
of total cholesterol, triglycerides, and low density lipoprotein
(LDL) and non-HDL cholesterol with CPAP treatment. As seen in
some other studies,17,18,20,23 a significant increase in HDL cholesterol
was evident only in patients who were compliant to CPAP
treatment. Similarly, improvement in CIMT was also evident only
in compliant patients. While several uncontrolled studies reported
a decrease in insulin resistance,16,17 this study showed no effect on
fasting blood glucose, fasting insulin or insulin resistance with
CPAP. In an earlier publication by the same group,24 contrary to
the independent relationship reported in Chinese patients,22 it was
observed that insulin resistance in Indian patients is dependent on
obesity rather than OSA. Possible racial or ethnic differences
among the study populations may have contributed to these
differences. Even though CPAP did not result in a significant
change in abdominal circumference, a significant decrease in
body mass index (BMI) and abdominal fat could be demonstrated.
Whether this was due to the direct effect of CPAP therapy as a
result of its effects on leptin levels or a consequence of increased
physical activity, the beneficial effect appears to be significant.

This study is a well-conducted, placebo-controlled, double-
blind, randomized, cross-over study with a large sample size and
a long follow-up. The adequacy of the 1-month washout period
chosen is questionable. However, in the absence of clear guidelines
on the same, and considering issues such as ensuring patient
safety and preventing drop-outs, one month seems to be a
reasonable washout period. Despite adequate care taken in blinding
and random treatment allocation, patients in the two intervention
groups differed at baseline with regard to key characteristics such
as total cholesterol, triglyceride and glycated haemoglobin values.
These differences are unlikely to have influenced the results as
this was a cross-over trial. However, ambulatory blood pressure
measurements and repeat polysomnographic examination were
not done in this study.

Even giving allowance to issues central to a cross-over study
design,25–27 such as the carry-over effect of CPAP treatment and
the non-applicability of intention-to-treat analysis, the tangible
benefits documented appear to have far-reaching consequences.
The reduction in systolic blood pressure of 3.8 mmHg and
diastolic blood pressure of 2.4 mmHg, along with a decrease in
LDL cholesterol level of 9.8 mg/dl after CPAP therapy, suggest a
significant clinical benefit that is likely to result in a significant
cardiovascular risk reduction. The effect of CPAP therapy in
deducing BMI and visceral fat needs to be studied further in
different races and ethnic groups.

The results of this study also stress the need for a bi-directional
screening for OSA and metabolic syndrome, i.e. actively detecting
metabolic syndrome in patients with OSA and vice versa. In
India, CPAP machines are expensive and beyond the means of
most patients with OSA. Given the potential therapeutic benefits
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SUMMARY
The PLCO (Prostate, Lung, Colorectal and Ovarian) Cancer Screening
Trial is a large, population-based, randomized controlled trial designed
and sponsored by the National Cancer Institute of the USA to
determine the effect of screening on cancer-related mortality and
other secondary end-points in men and women aged 55–74 years. The

and cardiovascular risk reduction, biomedical research into
indigenously developing affordable CPAP machines is perhaps
the need of the hour.
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