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Global Summaries Synopses of major trials from leading international journals

Peer Reviewed

DIABETES

Reversion of prediabetes and risk 
of diabetes
Prediabetes (impaired fasting blood glucose 

or impaired glucose tolerance, or both) 

leads to diabetes and is associated with 

diabetic complications. Lifestyle changes 

or drugs may prevent or delay the onset of 

diabetes in people with prediabetes, and 

some 20–50% of trial participants have 

reverted to normal glucose values.

In the US Diabetes Prevention Program 

(DPP), randomization was to lifestyle 

intervention, metformin, or placebo for 

an average of 3.2 years. After a bridge 

period of 13 months, a total of 2,761 

participants were followed up on average 

for a further 5.7 years in the Diabetes 

Prevention Program Outcomes Study 

(DPPOS). During DPP, 894 participants 

had reverted from prediabetes to normal 

glucose regulation. Their risk of developing 

diabetes was reduced highly significantly 

by 56% compared with participants with 

persisting prediabetes. The rate of reversion 

was similar in all three DPP groups. Normal 

glucose regulation in DPPOS was associated 

with achievement of normal glucose 

regulation during DPP, increased β-cell 

function, and increased insulin sensitivity. 

These factors were protective against the 

development of diabetes. Participants who 

had persistent prediabetes in the lifestyle 

intervention group had a higher risk of 

developing diabetes during DPPOS than the 

placebo group.

Reversion to normal glucose regulation 

after prediabetes is associated with reduced 

risk of future diabetes. Patients whose 

prediabetes persists after intensive lifestyle 

intervention are at higher risk of diabetes.

Perreault L et al. Effect of regression from prediabetes 
to normal glucose regulation on long-term reduction 
in diabetes risk: results from the Diabetes Prevention 
Program Outcomes Study. Lancet 2012; 379: 2243–
2251; Yakubovich N, Gestein HC. Is regression to 
normoglycaemia clinically important? Ibid: 2216–2218 
(comment).

Quality improvement strategies 
and diabetes
Many patients receive less than optimal 

management for type 2 diabetes. A new 

systematic review and meta-analysis has 

addressed the effectiveness of quality 

improvement (QI) strategies.

The review included 48 cluster-rand-

omized controlled trials (84,865 patients) 

and 94 patient-randomized controlled trials 

(38,664 patients). Random effects meta-

analysis showed that QI strategies reduced 

glycated haemoglobin A1c levels by a mean 

of 0.37 percentage points, low-density 

lipoprotein cholesterol by 0.10 mmol/L, 

systolic blood pressure by 3.13 mm Hg, and 

diastolic blood pressure by 1.55 mm Hg 

compared with usual care. The effects were 

larger for patients with raised values at 

baseline. The use of QI strategies increased 

the probability of patients being given 

aspirin or antihypertensive drugs and being 

screened for retinopathy, renal function, 

and foot problems. They did not increase 

the use of statins and were not associated 

with better control of hypertension or 

increased smoking cessation.

QI strategies may improve diabetes 

management.

Tricco AC et al. Effectiveness of quality improvement 
strategies on the management of diabetes: a 
systematic review and meta-analysis. Lancet 2012; 
379: 2252–2261; Funnel MM, Piatt GA. Diabetes quality 
improvement: beyond glucose control. Ibid: 2218–2219 
(comment).

Type 2 diabetes: Insulin glargine or 
sitagliptin as addition to metformin
Most patients with type 2 diabetes 

eventually need treatment in addition 

to metformin. Dipeptidyl peptidase-4 

(DPP-4) inhibitors are often used for this 

purpose. A DPP-4 inhibitor (sitagliptin) has 

been compared with basal insulin (insulin 

glargine) in a multinational trial.

A total of 515 patients with type 

2 diabetes inadequately controlled on 

metformin were randomized to the addition 

of either subcutaneous insulin glargine or 

oral sitagliptin, for 24 weeks. At the end of 

the study, the mean reduction in glycated 

haemoglobin A1c was 1.72% (insulin 

glargine) vs 1.13% (sitagliptin), a significant 

difference. The rate of symptomatic hypogly-

caemia was significantly greater with insulin 

glargine (4.21 vs 0.50 events per patient-

year). Severe hypoglycaemia occurred in 

three patients on insulin glargine and one on 

sitagliptin. At least one serious treatment-

related adverse event occurred in 15 patients 

in the insulin glargine group and eight in the 

sitagliptin group. There was a mean weight 

gain of 0.44 kg with insulin glargine and a 

mean weight loss of 1.08 kg with sitagliptin.

Compared with sitagliptin, insulin 

glargine gave better glycaemic control 

but a higher risk of hypoglycaemia. These 

researchers favour insulin glargine, but a 

Lancet commentator remains unconvinced.

Aschner P et al. Insulin glargine versus sitagliptin in 
insulin-naive patients with type 2 diabetes mellitus 
uncontrolled on metformin (EASIE): a multicentre, 
randomised open-label trial. Lancet 2012; 379: 2262–
2269; Diamant M. Choosing a blood-glucose-lowering 
agent after metformin. Ibid: 2220–2221 (comment).

Type 2 diabetes: Exenatide 
or glimepiride as addition to 
metformin
 

 

 

 

 

 

 

 

 

 

There is uncertainty about the best 

additional treatment when glycaemic 

control with metformin is inadequate in 

type 2 diabetes. A trial in 14 countries 

has compared exenatide (a glucagon-like 

peptide-1 receptor agonist) with glimepiride 

(a sulfonylurea).

A total of 1,029 patients with type 

2 diabetes inadequately controlled on 
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than one glass a week. Among women who 

reported drinking more than three glasses 

of alcohol a week in both 1987 and 1997 

(long-term drinkers), the decrease in risk 

was 52% and the incidence of rheumatoid 

arthritis was 6.5 vs 8.6 per 10,000 person-

years. The risk decreased at alcohol intakes 

up to four glasses a week and remained 

unchanged at between four and ten glasses 

a week.

Moderate alcohol consumption may 

reduce the risk of rheumatoid arthritis in 

women.

Di Giuseppe D et al. Long-term alcohol intake and risk 
of rheumatoid arthritis in women: a population based 
cohort study. BMJ 2012; 345: (July 14) 18 (e4230).

Cost-effectiveness of abdominal 
aortic aneurysm screening in men
Screening men aged > 65 years for 

abdominal aortic aneurysm (AAA) is cost-

effective, but the value of rescreening is 

uncertain. A decision analytical model using 

Danish data and a hypothetical cohort has 

confirmed the cost-effectiveness of screening 

and shown the benefit of rescreening.

The model showed a 92% probability of 

screening being cost-effective at a threshold 

of £20,000. Rescreening after an interval 

of 5 years for men with an aortic diameter 

of 25–29 mm would benefit 452 men for 

every 100,000 screened initially, and lifetime 

rescreening every 5 years would benefit 

794 men for every 100,000. The associated 

incremental cost-effectiveness ratios 

for a single rescreening and for lifetime 

rescreening were £10,013 and £29,680 per 

quality adjusted life year, respectively.

Screening of men aged > 65 years for 

abdominal aortic aneurysm is cost-effective, 

and rescreening after 5 years should be 

done at least once.

Søgaard R et al. Cost-effectiveness of abdominal 
aortic aneurysm screening and rescreening in men in 
a modern context: evaluation of a hypothetical cohort 
using a decision analytical model. BMJ 2012; 345: (July 
14): 19 (e4276).

in the analysis. At 90 days, mortality was 

significantly 17% higher in the HES 130/0.4 

group (51% vs 43%). One patient in each 

group developed end-stage renal failure, 

but renal replacement therapy was needed 

by 22% vs 16%, a significant 35% increase 

in the HES 130/0.4 group.

Compared with Ringer’s acetate, use of 

HES 130/0.4 was associated with increased 

need for renal replacement therapy and 

increased 90-day mortality when used for 

fluid resuscitation in patients with severe 

sepsis. 

Perner A et al. Hydroxyethyl starch 130/0.4 versus 
Ringer’s acetate in severe sepsis. NEJM 2012; 367: 
124–134.

Alcohol intake and rheumatoid 
arthritis in women
 

 

 

 

 

 

 

 

 

 

Evidence from case-control studies has 

suggested that drinking alcohol may reduce 

the risk of rheumatoid arthritis. Now, a 

population-based cohort study in Sweden 

has confirmed the connection.

The study, which was based on the 

Swedish Mammography Cohort, included 

34,141 women born between 1914 and 

1948. Alcohol consumption was self-

reported in 1987 and in 1997. During the 

years 2003–2009, 197 women developed 

rheumatoid arthritis. The risk of rheumatoid 

arthritis among women who reported 

drinking more than four glasses of alcohol 

a week in 1997 (1 glass of alcohol = 15 g 

alcohol, equivalent to 500 mL of beer, 

150 mL of wine, or 50 mL or spirits) was 

decreased significantly by 37% compared 

with women who drank no alcohol or less 

Global Summaries

metformin were randomized to take 

in addition exenatide twice daily or 

glimepiride once daily. Treatment failure 

occurred in 41% (exenatide) vs 54% 

(glimepiride), a significant difference. A 

glycated haemoglobin A1c level of < 7% 

was achieved by 44% vs 31%. There was 

an average loss of 3.32 kg of bodyweight 

with exenatide and a gain of 1.15 kg on 

glimepiride. Hypoglycaemia was signifi-

cantly less frequent with exenatide (36% vs 

67%), but more patients in the exenatide 

group discontinued treatment within 6 

months because of adverse events (mainly 

gastrointestinal).

Exenatide was more effective than 

glimepiride in this trial.

Gallwitz B et al. Exenatide twice daily versus 
glimepiride for prevention of glycaemic deterioration 
in patients with type 2 diabetes with metformin failure 
(EUREXA): an open-label, randomised controlled 
trial. Lancet 2012; 379: 2270–2278; Madsbad S. Type 2 
diabetes: which drug as add-on to metformin? Ibid: 
2222–2223 (comment).

GENERAL MEDICINE

Dangers of HES 130/0.4 in severe 
sepsis
Guidelines suggest using either colloid or 

crystalloid solutions for fluid resuscitation in 

severe sepsis. Trials of high-molecular-weight 

hydroxyethyl starch showed an increase in 

risk of acute renal failure, but the preparation 

used in those trials has been replaced by HES 

130/0.4, a hydroxyethyl starch solution with 

a lower molecular weight and a lower ratio 

of hydroxyethyl groups to glucose molecules. 

Now, a trial in Denmark, Norway, Finland, 

and Iceland has shown that HES 130/0.4 

is associated with greater risk of renal 

replacement therapy and death within 90 

days compared with Ringer’s acetate.

A total of 798 adults with severe sepsis 

were randomized to fluid resuscitation in 

the intensive care unit with 6% HES 130/0.4 

or Ringer’s acetate at a rate of 33 mL/kg 

of ideal body weight per day and included 
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HIV/AIDS

Four-drug single tablet for initial 
treatment of HIV-1 infection
 

 

 

 

 

 

 

 

 

A single tablet to be taken once daily 

and containing four antiretroviral drugs 

has been developed. The four drugs are 

elvitegravir (EVG) (a human immunodefi-

ciency virus [HIV] integrase strand transfer 

inhibitor), cobicistat (COBI) (a cytochrome 

P450 3A inhibitor with no antiretroviral 

activity that acts as a pharmacoenhancer), 

emtricitabine (FTC), and tenofovir disoproxil 

fumarate (TDF). This combination has 

been compared with each of two standard 

regimens in successive papers in the Lancet.
A trial in Australia, Europe, North 

America, and Thailand included 708 patients 

with previously untreated HIV-1 infection 

(HIV-1 RNA 5,000 copies per mL or more) 

susceptible to atazanavir (ATV), FTC, and 

TDF. Randomization was to EVG/COBI/FTC/

TDF or ritonavir (RTV)-boosted ATV plus 

FTC, plus TDF (ATV/RTV+FTC/TDF), once 

daily. EVG/COBI/FTC/TDF was non-inferior 

to ATV/RTV+FTC/TDF with 89.5% vs 86.8% 

achieving the primary outcome of an HIV 

RNA level of 50 copies per mL or less after 48 

weeks. Treatment discontinuation because of 

adverse events occurred in 3.7% vs 5.1%.

A multicentre trial in North America 

included 700 patients. Randomization was 

to EVG/COBI/FTC/TDF or efavirenz (EFV) co-

formulated with FTC and TDF (EFV/FTC/TDF). 

An HIV RNA concentration of < 50 copies 

per mL at week 48 was achieved by 87.6% 

(EVG/COBI/FTC/TDF) vs 84.1% (EFV/FTC/TDF), 

showing non-inferiority of EVG/COBI/FTC/

TDF. The rate of discontinuation because of 

adverse events was similar in the two groups. 

EVG/COBI/FTC/TDF caused more nausea, 

and EFV/FTC/TDF caused more dizziness, 

abnormal dreams, insomnia, and rash.

It is concluded that, given regulatory 

approval, EVG/COB/FTC/TDF would be the 

first once daily, single-tablet, integrase-

inhibitor-based regimen for initial HIV 

treatment.

Dejesus E et al. Co-formulated elvitegravir, 
cobicistat, emtricitabine, and tenofovir disoproxil 
fumarate versus ritonavir-boosted atazanavir plus 
co-formulated emtricitabine and tenofovir disoproxil 
fumarate for initial treatment of HIV-1 infection: a 
randomised, double-blind, phase 3, non-inferiority 
trial. Lancet 2012; 379: 2429–2438; Sax PE et al. 
Co-formulated elvitegravir, cobicistat, emtricitabine, 
and tenofovir versus co-formulated efavirenz, 
emtricitabine, and tenofovir for initial treatment 
of HIV-1 infection: a randomised, double-blind, 
phase 3 trial, analysis of results after 48 weeks. Ibid: 
2439–2448; Schrijvers R, Debyser Z. Quad’s in it for 
antiretroviral therapy? Ibid: 2403–2405 (comment).

INFECTIOUS DISEASE

Acute pyelonephritis in women: 7 
days versus 14 days of ciprofloxacin
The optimum duration of treatment 

for women with acute pyelonephritis 

is uncertain although 14 days is often 

recommended. A study in Sweden has 

suggested that 7 days of treatment with 

ciprofloxacin is as effective as 14 days.

A total of 248 non-pregnant women 

aged 18 years or older with acute pyelone-

phritis were randomized at 21 infectious 

diseases centres in Sweden to treatment 

with ciprofloxacin 500 mg twice daily for 

7 days or 14 days. Only 156 patients were 

included in the analysis. Short-term cure 

was achieved in 97% (7 days) vs 96% (14 

days). On longer-term follow-up, efficacy 

was 93% in each group. Mucosal Candida 

infection occurred in five patients after 14 

days of treatment but in none after 7 days.

Seven days of treatment with 

ciprofloxacin is usually adequate for non-

pregnant women with acute pyelonephritis. 

Shorter treatment may discourage bacterial 

antibiotic resistance.

Sandberg T et al. Ciprofloxacin for 7 days versus 
14 days in women with acute pyelonephritis: a 
randomised, open-label and double-blind, placebo-
controlled non-inferiority study. Lancet 2012; 
380: 484–490; Nicolle LE. Minimum antimicrobial 
treatment for acute pyelonephritis. Ibid: 452–453 
(comment).

NEUROLOGY

Thrombolysis within 6 hours of 
acute ischaemic stroke
It is accepted that thrombolysis is of benefit 

for people with an acute ischaemic stroke 

who are younger than the age of 80 years 

and treated within 4.5 hours of stroke 

onset. The third International Stroke Trial 

(IST-3) was set up to assess the effects of 

treatment in a wider range of patients.

A total of 3,035 patients (53% > 80 years 

old) in 12 countries were randomized within 

6 hours of acute ischaemic stroke onset to 

intravenous recombinant tissue plasminogen 

activator (rt-PA) or to a control group. After 

6 months, there was no significant difference 

between the groups in the proportion who 

were alive and independent (37% in the 

rt-PA group and 35% in the control group). 

Symptomatic intracranial haemorrhage, fatal 

or non-fatal, occurred in 7% (rt-PA) vs 1% 

(controls). Mortality at 7 days was 11% vs 

7% and, at 6 months, 27% in both groups. 

Using the Oxford Handicap Score, there was 

a significant shift towards better scores in the 

treated group by 6 months. 

It is concluded that despite the increase 

in intracranial haemorrhage, treatment 

improved functional outcome at 6 months 

and the benefit was, if anything, greater 

for patients older than 80 years than for 

younger patients. 

The IST-3 collaborative group. The benefits and 
harms of intravenous thrombolysis with recombinant 
tissue plasminogen activator within 6 hours of acute 
ischaemic stroke (the third international stroke trial 
[IST-3]: a randomised controlled trial. Lancet 2012; 
379: 2352–2363; Leys D, Cordonnier C. rt-PA for 
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ischaemic stroke: what will the next question be? Ibid: 
2320–2321 (comment).

Thrombolysis for acute ischaemic 
stroke: Systematic review and 
meta-analysis
A systematic review of intravenous 

recombinant tissue plasminogen activator 

(rt-PA) vs control for acute ischaemic stroke 

has included 12 trials (7,012 patients) 

in which rt-PA was given within 6 hours 

of stroke onset. The use of rt-PA was 

associated with a significant 17% increase in 

probability of being alive and independent at 

final follow-up (46.3% vs 42.1%). For every 

1,000 patients treated, an extra 42 would 

survive and be independent. The benefit 

was greater for patients treated within 3 

hours of stroke onset. With rt-PA, mortality 

was greater in the first week but there was 

no significant increase in mortality at final 

follow-up. The benefits applied equally to 

patients older or younger than 80 years.

Early administration of rt-PA increases 

the proportion of patients who survive with 

a favourable outcome after acute ischaemic 

stroke.

Wardlaw JM et al. Recombinant tissue plasminogen 
activator for acute ischaemic stroke: an updated 
systematic review and meta-analysis. Lancet 2012; 
379: 2364–2372; Leys D, Cordonnier C. rt-PA for 
ischaemic stroke: what will the next question be? Ibid: 
2320–2321 (comment).

Golimumab: A novel human 
anti-TNF-α monoclonal antibody 
for the treatment of rheumatoid 
arthritis, ankylosing spondylitis, 
and psoriatic arthritis

Golimumab is a novel human anti–
tumor necrosis factor (TNF)-α monoclonal 
antibody that has demonstrated significant 
efficacy in randomized, double blind, 
placebo-controlled trials when administered 
subcutaneously once every 4 weeks. It is 
approved for the treatment of rheumatoid 
arthritis (RA), psoriatic arthritis (PsA), and 
ankylosing spondylitis (AS). A review article 
summarizes the development of and clinical 
evidence achieved with golimumab. 

Golimumab has been evaluated and 

confirmed to be an effective treatment for 
patients with RA (including those naïve to 
methotrexate [MTX], those inadequately 
responsive to MTX, and those previously 
treated with a TNF inhibitor) in phase III 
clinical trials with up to 2 years’ data. Each 
of the studies was designed to include end 
points that measured signs and symptoms 
of disease, functional disability, radiographic 
progression, and health-related outcomes. 
Thus far, golimumab has demonstrated 
efficacy consistent with that of the currently 
available TNF-α antagonists for all standard 
end points assessed. 

In the GO-RAISE trial, golimumab 
improved the signs and symptoms of AS, 
as well as physical function and sleep of 
patients with active AS, through 104 weeks 
of treatment. The GO-REVEAL study, on 

the other hand, demonstrated that in 
patients with PsA, golimumab improved 
signs and symptoms of articular, cutaneous, 
and entheseal disease, as well as physical 
function and quality of life.

In clinical trials, the safety profile of 
golimumab was comparable to those of 
other TNF-α inhibitors. Golimumab was 
well tolerated by patients enrolled in five 
phase III trials, and reports of adverse events 
were consistent among the RA, AS, and PsA 
study populations. Serious adverse events 
were reported in 2.3–9.7% of patients 
among all treatment arms, and serious 
infections were reported in 0.7–5.6% of 
patients. Notably, injection site reactions 
were reported at lower frequencies 
(0–10.5%) than with the other subcuta-
neous TNF-α antagonists, etanercept and 
adalimumab, possibly because of the small 
injection volume and use of histidine buffer.

The review concluded that golimumab 
was an effective treatment for patients 
with RA, PsA, and AS in phase III clinical 
trials. The efficacy and safety profile of 
golimumab in RA, PsA, and AS appears 
to be similar to other anti-TNF agents. 
However, golimumab has the potential 
advantage of once monthly subcutaneous 
administration.

Kay J, Rahman MU. Golimumab: a novel human anti-
TNF-alpha monoclonal antibody for the treatment 
of rheumatoid arthritis, ankylosing spondylitis, and 
psoriatic arthritis. Core Evid 2010; 4: 159–170.
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Vitamin B12 (cobalamin) deficiency is common in the elderly but is usually unrecognized. 

Food cobalamin (vitamin B12) malabsorption due to the inability to release vitamin 

B12 from food is an important cause of vitamin B12 deficiency in the elderly. Clinical 

manifestations are highly variable, often subtle, and are difficult to recognize. Oral 

vitamin B12 replacement can be as effective as intramuscular injection even in those with 

pernicious anaemia.

Vitamin B12 Deficiency
in the Elderly
Chit Wai Wong, MBBS, MRCP(UK), FHKAM, FHKCP, MSc(Clinical Dermatology)

Vitamin B12 Deficiency in the Elderly

V
itamin B12 is essential for the normal 
metabolism of all cells in the body. 
Hence, vitamin B12 deficiency has sig-
nificant effects on the body, especially 

on the haematological and nervous system 
function. In nature, vitamin B12 is synthesized 
by bacteria. Our dietary source of vitamin B12 

The prevalence of vitamin B12

deficiency appears to increase
with age.

comes from animal products, as animals obtain 
vitamin B12 through ingestion of ‘contam-
inated’ (bacteria and their synthesized vitamin 
B12 in the soil) crops. Our daily requirement of 
vitamin B12 is 2–3 μg, and around 3–30 μg daily 
can be obtained from our normal diet. There 
is 2–3 mg vitamin B12 reserve in our body, 
mainly stored in the liver. Thus, even if there 
is a complete deficiency of vitamin B12 in the 
diet, it might not result in low serum vitamin 
B12 levels in healthy adults for several years. In 
humans, absorption of vitamin B12 from diet 
is complex and involves intact function of the 
stomach, pancreas, and ileum. Elderly people 
are at risk of vitamin B12 deficiency owing to 
the high prevalence of atrophic gastritis, which 
in turn impairs the release of vitamin B12 
from food protein for absorption. Although 
the prevalence of vitamin B12 deficiency varies 
among studies, it appears to increase with age. 
The prevalence varies between 10% and 43% 
in elderly people, depending on the definition 
of vitamin B12 used.1–6 In a Hong Kong study, 
the prevalence of vitamin B12 deficiency (< 140 
pmol/L) was 6.6% in people older than 70 
years and 4.5% in those younger than 70.7 
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Furthermore, vitamin B12 deficiency is 
more common in the elderly living in 
institutions, with a prevalence of 30% 
to 40%, whilst it was 12% among those 
living in the community.3,5 Very often, 
the symptoms of vitamin B12 deficiency 
are vague and easily missed.

Vitamin B12 Absorption (Figure 1)

Animal food containing vitamin B12, 
which is bound to protein, is broken 
down by pepsin and hydrochloric acid 
in the stomach to release free vitamin 
B12. The free vitamin B12 is then bound 

to R protein, which is released from 
the parietal and salivary cells. The 
vitamin B12–R protein complex is also 
secreted in bile from the enterohepatic 
circulation. These complexes are then 
degraded by pancreatic enzyme to 
release free vitamin B12 again in the 
duodenum. The free vitamin B12 is then 
bound to intrinsic factor secreted from 
the parietal cells of the stomach. These 
vitamin B12–intrinsic factor complexes 
travel undisturbed until the distal 80 
cm of the ileum where they bind to 
mucosa cell receptors. Vitamin B12 is 
then carried by transport protein, trans-
cobalamin (transcobalamin I, II and III, 
among which transcobalamin II is the 
most important and represent about 
10% of transcobalamin), via the portal 
system to all cells in the body for uti-
lization. About 60% of vitamin B12 in 
food is absorbed through this pathway.

Besides the classic route, which 
involves intrinsic factor produced by 
the stomach and transport system in 
the terminal ileum, around 1% to 5% 
of free vitamin B12 can be absorbed 
along the entire intestine by passive 
diffusion.

Vitamin B12 Metabolism and 
Function

Vitamin B12 plays a significant role in 
the metabolism of every cell in the body, 
including regeneration of folate to affect 
DNA synthesis, involvement in fatty 
acid synthesis, and energy production. 
In human, only two enzymatic reactions 
are dependent on vitamin B12: methyl-
malonyl coenzyme A mutase (MUT) 
reaction; and 5-methyltetrahydrofolate-
homocysteine methyltransferase (MTR) 
reaction (Figure 2).

MUT Reaction
Adenosylcobalamin, a cofactor form 
of vitamin B12, is essential for the con-
version of methylmalonyl coenzyme 

Figure 1. Vitamin B12 absorption and transport.
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A, which is the coenzyme A–linked 
form of methylmalonic acid (MMA), 
to succinyl coenzyme A by MUT. This 
is an important step in the extraction 
of energy from protein and fat in the 
mitochondrial critic acid cycle. This 
function is lost in vitamin B12 defi-
ciency and results in the elevation of 
MMA level. MMA is a myelin desta-
bilizer, and excessive MMA will prevent 
normal fatty acid synthesis. It can 
also incorporate itself into fatty acid 
to form abnormal myelin, which is 
fragile, and demyelination will result. 
These eventually cause neuropathies 
and the classical teaching of subacute 
combined degeneration of the central 
nervous system and spinal cord in 
vitamin B12-deficient patients. Unlike 
the MTR reaction, the MUT reaction 
is totally dependent on vitamin B12 
and cannot be corrected with the good 
supplement of folic acid.

MTR Reaction
Methylcobalamin, another cofactor 
form of vitamin B12, together with folic 
acid, is required for the conversion of 
homocysteine to methionine by MTR, 
also known as methionine synthase. 
In this process, vitamin B12 also helps 
to regenerate tetrahydrofolate (THF), 
which is the active form of folic acid. 
THF is involved in the synthesis of 
thymine and thus DNA synthesis. Defi-
ciency of vitamin B12 and thus THF 
ultimately results in the ineffective pro-
duction of cells, especially those with 
rapid turnover such as mucosal cells in 
the intestine and blood cells, of which 
megaloblastic anaemia in pernicious 
anaemia is the classical syndrome of 
vitamin B12 deficiency. Methionine is 
needed to make S-adenosyl-methionine 
(SAMe), which in turn is necessary for 
methylation of myelin sheath phos-
pholipids and synthesis of certain 
neurotransmitters, catecholamines, 
and in brain metabolism. Thus, MTR 

Figure 2. Vitamin B12 metabolism.

reaction dysfunction may also cause 
neurological or psychiatric disorder. For-
tunately, both THF and methionine can 
be obtained from the diet. Therefore, 
even in vitamin B12 deficiency which 
causes MTR reaction dysfunction, both 
the DNA synthesis and SAMe production 
can be maintained if there is sufficient 
supply of folate and methionine from 
the diet.

Diagnosis of Vitamin B12 
Deficiency

There is no precise test for vitamin B12 
deficiency. It is usually based on a low 
serum vitamin B12 level along with 
the clinical evidence of disease and 
response to vitamin B12 replacement. 
The most frequently reported vitamin 
B12 threshold value is 148 pmol/L 
(200 pg/mL). It is based on the level 
that causes abnormality in blood, ie, 
macrocytic anaemia, and is considered 
as the lowest level for an adequate 

supply.1,8 However, the other clinical 
symptoms of vitamin B12 deficiency, 
including neurological symptoms, 
may develop even if the vitamin B12 
level is above 148 pmol/L (200 pg/
mL), and often precedes haemato-
logical abnormalites. Furthermore, 
not all the vitamin B12 circulating in 
the blood is in the metabolically active 
form. Therefore, serum vitamin B12 
level alone is not reliable or sensitive 
in identifying vitamin B12 deficiency. 
Concentration above the cut-off value 
of 148 pmol/L (200 pg/mL) does 
not inevitably reflect a sufficient 
vitamin B12 state in the body. Because 
of these reasons, a higher cut-off 
value is proposed, such as 220–258 
pmol/L (298–350 pg/mL) based on 
studies using MMA and homocysteine 
as a sensitive indictors of vitamin 
B12 deficiency.1,9 In Japan and some 
European countries, the lower limit of 
serum vitamin B12 level is even up to 
369–406 pmol/L (500–550 pg/mL), 
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which is based on the level that could 
cause neurological manifestations such 
as cognitive impairment.10

Elevated levels of MMA and 
homocysteine precede the drop 
in serum vitamin B12 level, thus 
are more sensitive in identifying 
vitamin B12 deficiency. Serum MMA 
> 0.4 μmol/L or homocysteine > 13 
μmol/L (3 standard deviations above 
the mean) is used as cut-off values.9 
If the increased MMA and homo-
cysteine levels and a normalization 
of these metabolites’ levels in blood 
in response to replacement therapy 
are used as a diagnosis of vitamin B12 
deficiency, up to 50% of patients with 
genuine vitamin B12 deficiency might 
be missed when diagnosis is based on 
low vitamin B12 levels alone.11,12 The 
elevated MMA level is more specific 
than the elevated homocysteine level 
in detecting vitamin B12 deficiency, as 
elevated homocysteine level can also 
be found in folic acid and vitamin B6 
deficiencies. Both MMA and homo-
cysteine levels can be elevated in renal 
insufficiency.

In addition to the elevated serum 
levels of MMA and homocysteine, 
decreased serum level of holotrans-
cobalamin II is also suggested to 
be an early marker of vitamin B12 
deficiency. Holotranscobalamin is 
a biologically active vitamin B12 
fraction, and only 6–20% of total 
serum vitamin B12 is present in this 
active form. Its action is to promote 
the uptake of vitamin B12 by all cells. 
Its serum level decreases in vitamin 
B12 deficiency and has been shown 
to be the most sensitive marker of 
vitamin B12 deficiency, followed by 
MMA.13 However, it cannot be used 
as an indicator of vitamin B12 defi-
ciency in renal impairment, as similar 
to MMA and homocysteine, its level 
increases in renal impairment.

Therefore, in a patient with low-
normal serum level of vitamin B12 
or a clinical suspicion of vitamin B12 
deficiency, additional tests for MMA, 
homocysteine or holotranscobalamin 
levels in the serum can increase the 
diagnostic yield. Besides, an empirical 
trial of vitamin B12 supplementation 
in order to see any improvement may 
be warranted because of the relatively 
low cost and safety.

Causes of Vitamin B12 Deficiency 
in the Elderly

Absorption of vitamin B12 from food 
requires an intact function of stomach, 
pancreas and ileum, and the presence of 
intrinsic factor. Thus, disorder of these 
organs or deficiency of intrinsic factor 
can cause vitamin B12 deficiency even 
if there is sufficient intake of vitamin 
B12-rich food. Causes of vitamin B12 
deficiency can be divided into two 
main aetiologies: inadequate dietary 
intake of vitamin B12 and impaired 
absorption of vitamin B12 (Table 1).

Elderly people are particularly 
at risk of vitamin B12 deficiency. As 

opposed to common beliefs that most 
vitamin B12 deficiency in the elderly 
is due to inadequate dietary intake, 
which is uncommon, it accounted 
for 3.8% of Chinese patients with 
megaloblastic anaemia in a regional 
hospital study.14 Older patients who 
routinely consume meat and other 
animal protein can still have vitamin 
B12 deficiency because of malab-
sorption. Food cobalamin (vitamin 
B12) malabsorption, first described 
by Carmel in 1995,15 is the most 
common cause of vitamin B12 defi-
ciency in the elderly. It accounts for 
about 60–70% of cases among the 
elderly.5,16,17 It is characterized by the 
inability to release vitamin B12 from 
food or from its binding protein. It 
is defined by vitamin B12 deficiency 
in the presence of sufficient dietary 
vitamin B12 intake, negative Schilling 
test, and lack of anti-intrinsic factor 
antibodies.15 Clinically, it is diagnosed 
by exclusion of other disorders or 
factors causing vitamin B12 defi-
ciency. It can be corrected simply with 
oral vitamin B12 supplement, as free 
vitamin B12 absorption is not affected. 
As gastric acid is involved in the 
release of free vitamin B12 from dietary 
protein, any process that interferes 
with gastric acid production can lead 
to malabsorption. Atrophic gastritis 
with hypochlorhydria, which may 
or may not be related to Helicobacter 
pylori infection, is the major cause in 
the elderly. The prevalence of atrophic 
gastritis ranges from 20% to 50% in 
the elderly and generally increases 
with age, rising from 24% in those 
aged 60–69 years to 37% in those 
older than 80 years as reported in 
studies.1,17 Other factors relating to 
decreased gastric acid or pancreatic 
enzyme production can also be the 
cause. They include chronic carriage 
of Helicobacter pylori and intestinal 
microbial proliferation,18 long-term 

Table 1. Causes of vitamin B12 
deficiency

 
Inadequate intake
• Alcoholics 
• Vegetarians

Malabsorption
• Food vitamin B12 malabsorption
• Lack of intrinsic factor or parietal cell 
  - Pernicious anaemia 
  - Atrophic gastritis 
  - Postgastrectomy 
• Ileal malabsorption 
  - Ileal resection 
  - Crohn's disease 
• Bacterial overgrowth

Defective transport
• Transcobalamin deficiency (genetic)
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intake of proton pump inhibitors and 
histamine H2 blockers,19 gastrectomy, 
gastric bypass surgery, pancreatic insuf-
ficiency in patients with alcoholic 
abuse, and cystic fibrosis which 
leads to lack of pancreatic enzyme to 
release free vitamin B12. There is still a 
portion of patients with no associated 
condition identified. Food vitamin B12 
malabsorption often produces a slow, 
progressive depletion of vitamin B12 
as compared with the more complete 
malabsorption caused by pernicious 
anaemia.17 Clinical manifestation 
tends to be subtle and mild, although 
progression to the severe form, like 
pernicious anaemia, can still occur in 
the minority.

Medications intake in the elderly 
for their co-morbidities can interfere 
or reduce vitamin B12 absorption when 
used in the long term. In addition to 
proton pump inhibitors and histamine 
H2 blockers, other medications include 
metformin, which affects vitamin B12–
intrinsic factor complex uptake by ileal 
cell membrane receptors,20 and col-
chicine and phenytoin, which interfere 
with vitamin B12 metabolism. Heavy 
alcohol consumption can inhibit 
gastric acid secretion, causing gastric 
atrophy, which subsequently leads to 
decreased vitamin B12 absorption.

Pernicious anaemia is mostly 
diagnosed in the elderly. It is con-
sidered to be the classical cause of 
vitamin B12 deficiency in the elderly, 
before the food vitamin B12 malab-
sorption was described. It accounted 
for 15–20% in studies.17 In contrast 
to earlier studies suggesting that 
pernicious anaemia is restricted to 
Northern Europeans, subsequent 
studies indicated that pernicious 
anaemia affects virtually all ethnic 
groups. In Hong Kong, it accounted 
for up to 75% of patients with both 
megaloblastic anaemia and vitamin 
B12 deficiency in a regional hospital 

study.21 Pernicious anaemia is char-
acterized by destruction of gastric 
mucosa, especially fundal mucosa, 
by a primarily cell-mediated process, 
which in turn affects the production 
of intrinsic factors by parietal cells for 
vitamin B12 absorption.22 Two anti-
bodies, anti-parietal cell antibody 
and anti-intrinsic factor antibody, 
are present in pernicious anaemia. 
Anti-parietal cell antibody is more 
sensitive (> 90%) but less specific 
(50%) for diagnosis as it can also 
be found in other autoimmune 
diseases.22 On the contrary, anti-
intrinsic factor antibody is more 
specific (98%) but less sensitive 
(50%) for diagnosis.22 The Schilling 
test, which is traditionally used to 
detect intrinsic factor-related mal-
absorption, is now rarely performed. 
Although pernicious anaemia may 
increase the risk of gastric cancer and 
gastric carcinoid tumour, the benefit 
of endoscopic surveillance is still not 
established. There is recommendation 
that a single endoscopy should be con-
sidered to identify gastric cancer or 
carcinoid tumours once the patient is 
diagnosed with pernicious anaemia.23 
However, there is insufficient data to 
support subsequent routine endo-
scopic surveillance.

Clinical Manifestations of 
Vitamin B12 Deficiency (Table 2)

Clinical manifestations of vitamin B12 
deficiency are usually non-specific and 
are highly varied in severity or organ 
system involved. No one clinical feature 
is unique to all patients with vitamin 
B12 deficiency. Non-specific symptoms 
and signs include loss of appetite, 
diarrhoea, fatigue and weakness, 
shortness of breath, low blood pressure, 
confusion, and change in mental states. 
Classic manifestations include Hunter’s 
glossitis, megaloblastic anaemia, and 

subacute combined degeneration of 
the spinal cord. It is postulated that the 
expression of clinical manifestations 
in an individual is governed by genetic 
factors.

Vitamin B12 Deficiency and
Neuropsychiatric Illness
Clinically overt vitamin B12 deficiency is 
relatively rare in the elderly. Very often, 
they have mild, subclinical vitamin 
B12 deficiency and are asymptomatic.24 
Neuropsychiatric manifestations, in the 
absence of haematological abnormality, 
are common among the elderly.6,24 
They include paresthesias, weakness, 
gait abnormalities, and cognitive or 
behavioural changes. These can even 
occur at low to moderate ‘normal’ 
serum vitamin B12 levels. It has been 
shown that the low serum level of 
vitamin B12 is associated with twice the 
risk of cognitive impairment.6 Although 
the exact mechanism of how vitamin 

Table 2. Clinical manifestations of 
vitamin B12 deficiency

Haematological 
• Macrocytosis (frequent) 
• Isolated thrombocytopenia and 
neutropenia, pancytopenia (rare)

Neuropsychiatric
• Combined degeneration of the cord 
(classic) 
• Peripheral neuropathy (frequency) 
• Ataxia 
• Optic atrophy (rare) 
• Dementia 
• Psychosis, depression

Digestive
• Hunter’s glossitis, angular stomatitis, 
jaundice, lactate and bilirubin elevation 
(classic)

Hyperhomocysteinaemia
• Cardiovascular and thromboembolic 
risk

Adapted from Reference 5.
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B12 deficiency causes neuropsychiatric 
disorder is unclear, disruption of two 
vitamin B12-dependent enzymatic 
reactions may play a role. Vitamin B12 
deficiency disrupts MUT reaction and 
results in elevating the level of MMA, 
which is a myelin destabilizer and 
can affect normal myelin formation. 
Vitamin B12 deficiency also disrupts 
MTR reaction and leads to insufficient 
supply of methionine and SAMe, which 
are essential for the methylation of 
myelin sheath phospholipids and neu-
rotransmitter synthesis for maintaining 
brain and nervous system function.25 
Furthermore, the high level of homo-
cysteine in vitamin B12 deficiency is 
associated with an increased risk of 
cardiovascular disease and thrombotic 
event, which in turn may increase 
the risk of cognitive impairment or 
dementia. There is also mixed evidence 
that correlate vitamin B12 deficiency 
with the development of Alzheimer’s 
disease (AD). Amyloid deposition and 
hyperphosphorylated tau are believed 
to be involved in the mechanism of 
AD. SAMe-dependent methylation is 
involved in the regulation of presenilin 
1 expression, γ-secretase activity, and 
thus the amyloid level, as well as in the 
regulation of the extent of tau phos-
phorylation.25 Thus, in the vitamin 
B12-deficient state, amyloid and hyper-
phosphorylated tau may accumulate to 
affect the neuropathological process of 
AD. Moreover, hyperhomocysteinemia 
in vitamin B12 deficiency has been 
shown to be associated with a sig-
nificant increase in amyloid level and 
its deposition in the cortex and hip-
pocampus in the AD mouse model.26 
Reversibility of cognitive impairment or 
dementia with vitamin B12 replacement 
is not promising, especially if cognitive 
symptoms are present for a long 
period.6,24,25 There is suggestion of 
prompt correction within 6–12 months 
of cognitive impairment in order to 

obtain maximum response.27

Depression is one of the common 
psychiatric manifestations of vitamin 
B12 deficiency. SAMe is involved in 
the synthesis of neurotransmitter 
and may be implicated in mood 
disorder. In a population-based study 
of 3,884 elderly people, the vitamin 
B12-deficient state was found to be 
associated with nearly 70% more 
likelihood of having a depressive 
disorder.28 In another cross-sectional 
study of 700 community-dwelling, 
physically disabled women aged 65 
years and over, vitamin B12-deficient 
women were found to be twice as 
likely to be severely depressed as non-
deficient women.29 In a more recent 
study of older Chinese adults, vitamin 
B12 deficiency was associated with 
greater risk of depressive symptoms.30 
Although controlled studies are 
lacking to show response of vitamin 
B12 replacement therapy in depression, 
it is recommended that all patients 
with vitamin B12 deficiency should 
be managed as part of the depression 
treatment.

Psychosis, including delusion 
and hallucination, is also reported 
in vitamin B12-deficient patients. 
Although the exact mechanism is 
unknown, it showed good outcomes 
with vitamin B12 replacement even 
after a prolonged period (at least up to 
2 years) of psychosis.31

Therapeutic Management

In general, haematological abnor-
malities and psychiatric disorders 
can be reversed with vitamin B12 
replacement therapy. However, mental 
and neurological disorders may not be 
reversible even after the correction of 
vitamin B12 serum level or haemato-
logical abnormalities.6,24,25 The longer 
the time the neurological disorder or 
cognitive impairment presents before 

the treatment, the less likely it can 
be reversed.27 Nevertheless, continuous 
replacement therapy may still help to 
prevent symptoms from getting worse.

Classical treatment of vitamin 
B12 deficiency is by intramuscular 
injection to correct the deficiency 
and to build up the tissue store 
quickly. There are two forms of 
vitamin B12 for injection: cyanoco-
balamin and hydroxocobalamin. 
Hydroxocobalamin is thought to be 
converted to the active enzyme form 
of vitamin B12 more easily and can 
be retained in the body for a longer 
time than cyanocobalamin, so it can 
be administered at intervals of up to 
3 months. The regimen for vitamin 
B12 replacement therapy varies across 
countries and among individual 
practices. In UK, hydroxocobalamin 
is used. For pernicious anaemia and 
other macrocytic anaemia without 
neurological involvement, the dose is 
initially 1 mg three times a week for 
2 weeks, then 1 mg every 3 months. 
For pernicious anaemia and other 
macrocytic anaemias with neurological 
involvement, the dose is initially 1 
mg on alternate days until no further 
improvement, then 1 mg every 2 
months. In France and the US, cyano-
cobalamin is used and the suggested 
dose is 1 mg per day for 1 week, then 1 
mg per week for 1 month, and then 1 
mg per month as maintenance.

Since passive diffusion of vitamin 
B12 can occur throughout the intestine, 
oral vitamin B12 replacement is theo-
retically as effective as intramuscular 
injection even in patients with per-
nicious anaemia or ileal disease, 
provided that the dosage is high. 
However, the drawback is the unpre-
dictable absorption in the body that 
makes recommendation of a standard 
dose difficult. There is evidence sug-
gesting that a lower dose of 5–20 μg 
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daily is ineffective.32 Even if the dose 
is up to 500 μg daily, less than half 
of patients would show adequate 
response.33 Only a dose of up to 
1,000 μg daily will produce successful 
long-term results.32,33 A Cochrane 
review also supports the high oral 
doses of vitamin B12 (1,000 μg and 
2,000 μg) that could be as effective 
as intramuscular administration 
in elevating the serum vitamin B12 
level and achieving haematological 
and neurological responses, even in 
patients with pernicious anaemia or 
ileal resection.34 There is suggestion of 
oral replacement with 1 mg daily for 
a month, and then 125–500 μg daily 
as maintenance for those with intake 
insufficiency or food vitamin B12 
malabsorption, whilst 1 mg daily as 
maintenance for those with pernicious 
anaemia.35

Vitamin B12 itself does not seem 
to have an adverse or toxic effect 
even when given in large doses.8 
However, hypokalaemia, as a com-
plication of vitamin B12 replacement 
in vitamin B12-deficient patients, can 
be severe and even life-threatening. 
This is because potassium is used 
by the newly growing and dividing 
haematopoietic cells, thus causing 
depletion in the circulating store. 
Transient potassium supplemen-
tation in the initial stage of vitamin 
B12 replacement, especially in those 
with low-normal serum potassium 
level before replacement, may help to 
prevent subsequent hypokalaemia.

In addition to vitamin B12 
replacement, correction of the 
associated disorder of vitamin B12 defi-
ciency, eg, antibiotics treatment for 
Helicobacter infection and intestinal 
bacteria overgrowth, and stopping 
intake of offending medications, is 
also important in the management 
or prevention of the development of 
vitamin B12 deficiency.

Conclusion

Vitamin B12 deficiency is common in 
the elderly. Food vitamin B12 mal-
absorption is the leading cause of 
deficiency in the elderly. Normal serum 
vitamin B12 level may not be reliable to 
exclude vitamin B12 deficiency in the 
body. Symptoms and signs of vitamin 
B12 deficiency are usually vague, and 
a high index of suspicion is required. 
Prompt treatment is required to reverse 
clinical abnormalities, especially neu-
rological complications or dementia. 
Supplementation through the oral 
route is as effective as the parenteral 
route, but a higher dose is needed. 
Although there is no formal recom-
mendation for screening vitamin B12 
deficiency in asymptomatic elderly 
people, regarding its high prevalence 
and vitamin B12 deficiency being safe 
and easy to treat, more liberal testing 
and treatment may be warranted.
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This issue takes a close look at 

the respiratory drugs available 

for obstructive airway disease 

(asthma and chronic obstructive 

pulmonary disease). An 

update on the diagnosis and 

management of asthma in adults 

is also featured.

    

   

  True False 

1. Methacholine or histamine challenge test should be reserved for patients in ■	 ■

 whom there is diagnostic uncertainty of asthma.

2. Bronchodilator and anti-inflammatory agents are prescribed in a stepwise ■	 ■

 manner for asthma, with the primary aim of controlling symptoms at the 
 lowest dose of corticosteroid.

3. Inhaled corticosteroids are the first-line treatment for chronic obstructive  ■	 ■

 pulmonary disease (COPD). 

4. Anti-leukotrienes are almost as effective as inhaled corticosteroids in the ■	 ■

 control of asthma.

5. Theophylline is a useful add-on therapy in severe asthma and COPD. ■	 ■

How much do you know about respirology?

See page 556 for answers

Respirology
•  Diagnosis and Management of Adult Asthma

•  Drugs for Airway Disease

Reviews
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Diagnosis and Management of 
Adult Asthma
Pranabashis Haldar, MD, MRCP; Ian D Pavord, DM, FRCP

Asthma is a disorder of the airways that is characterized by typical symptoms arising 

from a complex interplay between chronic inflammation and disordered airway function. 

Worldwide disease prevalence continues to rise steadily, and the condition contributes to 

significant morbidity and preventable mortality. The goals of treatment in asthma are to 

achieve control of symptoms and to prevent exacerbations. 

Introduction

A
sthma is derived from the Greek word 
aazein meaning ‘to pant’ and it was 
first used by Hippocrates in 450 BC 
to describe a condition characterized 

by spasms of breathlessness. The present Global 
Initiative for Asthma (GINA) definition of the 
disease (Box 1) is a lengthy statement that 
characterizes asthma across three domains: (1) 

airway pathology (chronic inflammation); (2) 
disordered airway function (reversible airflow 
obstruction and airway hyperresponsiveness); 
and (3) typical clinical symptoms. Furthermore, 
a linear relationship is inferred between these 
domains: chronic inflammation predisposes to 
disordered airway function; disordered function 
results in airflow obstruction that in turn leads 
to clinical symptoms. This forms the basis of the 
stepwise algorithm for treating asthma (see later).

It may not be possible to distinguish between 
asthma and other related conditions in patients 
with fixed airflow obstruction.
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Box 1. The Global Initiative for 
Asthma (GINA) definition of 
asthma

Asthma is:

• A chronic inflammatory disorder 
(pathology) of the airway in which 
many cells and cellular elements play 
a role.

• The chronic inflammation 
is associated with airway 
hyperresponsiveness (objective 
physiological abnormality).

• This leads to recurrent episodes of 
wheezing, breathlessness, chest 
tightness and coughing (symptoms), 
particularly at night or in the early 
morning.

• These episodes are usually associated 
with widespread but variable 
airflow obstruction (manifestation 
of disordered physiology) within the 
lung that is often reversible either 
spontaneously or with treatment.

Diagnosis

One of the problems facing clinicians 
and epidemiologists is the absence of 
a gold standard for defining or diag-
nosing asthma. Characteristic clinical 
features (Table 1) coupled with 
objective demonstration of variable 
airflow obstruction and/or airways 
hyperresponsiveness (AHR) will usually 
provide sufficient evidence to make the 
diagnosis.

History
Asthma symptoms are typically variable 
and representative of the underlying vari-
ability in airflow obstruction. This is a 
product of heightened diurnal variation 
in physiological bronchomotor tone 
(peaking at 04.00 hours) and AHR to 
a multitude of possible trigger factors. 

The pattern of daytime symptoms and 
seasonal variations can help identify 
common triggers. An assessment of 
disease severity can be made from 
the frequency of daily symptoms and 
exacerbations, exercise limitation, and 
nocturnal wakening.

In patients with adult-onset 
symptoms, the possibility of occupa-
tional asthma (estimated to occur in 
10–15%) or an alternative diagnosis 
should be carefully explored. In the 
former, symptoms are typically worse 
at work but improve when absent from 
work for periods of days to weeks.1

Around 5% of adults with asthma 
develop significant bronchocon-
striction, often with rhinorrhoea and 
urticaria, after ingesting aspirin and 
other cyclooxygenase inhibitors (eg, 
non-steroidal anti-inflammatory 

Table 1. Clinical assessment for diagnosing asthma

features favouring a diagnosis of 
asthma

features favouring an alternative 
diagnosis

History
Episodic and reversible symptoms of cough, 
 breathlessness, wheeze, and chest tightness. 
Symptoms frequently exhibit diurnal variation 
 (see text)
Typical triggers precipitating symptoms:
• Cold air
• Exercise
•  Aero-allergens (house dust mite, pet 

allergens, pollens)
•  Non-specific irritants (cigarette smoke, 

perfumes)
• Occupational agents
Relief with a bronchodilator (if tried)
History of allergy, hay fever, eczema, or nasal 
 disease
Onset of symptoms in childhood/adolescence
History of asthma in a first-degree relative

Atypical pattern of symptoms:
Cough in the absence of wheeze or chest  
 tightness
Voice disturbance
Symptoms in the absence of evidence of 
 airflow obstruction, either clinically or with 
 spirometry or peak flow measurement
Chronic, persistent symptoms without periods 
 of significant improvement
History of recurrent chest infections requiring 
 antibiotic therapy 
History of cardiac disease 
Significant smoking history (> 20 pack-years)

Examination
Variable wheeze heard with auscultation Evidence of marked thoracic hyperinflation

Evidence of clinical features associated with 
 an alternative diagnosis (Table 3)

"One of the problems 
facing clinicians and 

epidemiologists is the 
absence of a gold 

standard for defining 
or diagnosing asthma"
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drugs). Aspirin-induced asthma is fre-
quently associated with rhinitis and 
nasal polyps (Samter’s triad) and is 
often an indicator of severe disease.

Clinical Examination
Clinical examination is frequently 
normal in individuals with well-
controlled symptoms. Patients with 
persistent symptoms may display 
features of obstructive airways disease, 
notably chest hyperexpansion and 
diffuse expiratory wheeze that are indis-
tinguishable from chronic obstructive 
pulmonary disease. Physical exami-
nation is helpful for identifying features 
of an alternative diagnosis.

Measuring Airflow Obstruction
The demonstration of an obstructive 
pattern during spirometry in patients 
with a history strongly suggestive of 
asthma is sufficient to start therapy. 

Table 2. Overview of tests to measure variable airflow obstruction

Test Measurement Diagnostic 
range

Diagnostic value comments

PEF variability Amplitude percent best = 
(PEFmax − PEFmin)/PEFmax 
× 100

> 20% Moderate specificity but 
poor sensitivity. Useful in the 
assessment of occupational 
asthma (see text)

Serial measurements at least twice daily 
(morning and evening) for at least 2 weeks. 
Best of three blows each time

Bronchodilator 
responsiveness

% change in FEV1 from 
baseline after inhalation of 
400 μg salbutamol

> 15% (and 
> 200 mL)

Both tests are appropriate 
in patients with obstructive 
spirometry at baseline

Although figures for % change are quoted, 
absolute improvements in FEV1 of > 400 mL 
are more specific for a diagnosis of asthma

Steroid 
responsiveness

% change in FEV1 after 
a therapeutic trial of 
corticosteroids (400 μg of 
inhaled beclometasone for 
6–8 weeks or 30–40 mg 
prednisolone for 2 weeks)

Although not specific for 
asthma, steroid-responsiveness 
testing is helpful to identify 
patients that will benefit from 
regular corticosteroid therapy

Steroid responsiveness may be seen in 
the absence of significant bronchodilator 
responsiveness in patients with obstructive 
spirometry and is associated with high 
levels of eosinophilic airway inflammation

Methacholine 
or histamine 
challenge test

The concentration of 
bronchoconstrictor agent 
required to induce a 20% 
drop in FEV1 from baseline 

< 8 mg/mL The most sensitive and specific 
test in patients with normal 
spirometry

Limited availability of test in a hospital 
setting. Reserved for patients in whom 
there is diagnostic uncertainty

FEV1 = forced expiratory volume in 1 second; PEF = peak expiratory flow.

Spirometry is the preferred method for 
demonstrating airflow obstruction, as it 
is less effort-dependent than peak expi-
ratory flow (PEF). Airflow obstruction 
is defined as a ratio of forced expiratory 
volume in 1 second (FEV1) to forced 
vital capacity (FVC) of less than 0.7.

Measuring Variability in Airflow 
Obstruction

When there is diagnostic uncertainty, 
the measurement of variability in 
airflow obstruction by various methods 
will provide useful additional infor-
mation (Table 2).

Diurnal variation: calculated from 
serial PEF measurements.

Dilator response tests: measured 
as the change (improvement) in FEV1 
or PEF from baseline after a dose of 
short-acting bronchodilator (bron-
chodilator responsiveness) or a 

therapeutic trial of corticosteroid 
(steroid-responsiveness).

Constrictor response tests: these 
objectively assess the presence and 
severity of AHR by measuring the 
fall in FEV1 after bronchoconstrictor 
stimuli, such as pharmacological 
agents (methacholine or histamine 
challenge tests), exercise (suitable for 
suspected exercise-induced asthma), 
and allergen challenge.

Diagnostic Pathway

The diagnostic pathway for suspected 
asthma is determined by the pre-test 
clinical probability of the diagnosis 
(Figure 1). The clinical evaluation is 
therefore of primary importance and 
a number of features help to guide the 
appropriate level of clinical suspicion 
of asthma (Table 1). The list of dif-
ferential diagnoses will differ between 
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Figure 1. Diagnostic pathway in asthma.

*Steroid response trial. 
FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity.

NegativePositive

NegativePositive

NegativePositive

Asthma
unlikely

Possible
asthma

Clinical assessment 
and spirometry

Normal

FEV1/FVC <0.7

NegativePositive

Asthma likely, consider 
reasons for poor therapeutic

response (Table 7)

High clinical probability
of asthma

Treat as asthma

Bronchodilater
reversibility testing

Bronchial challenge 
testing

Diagnosis unlikely

Explore respective 
differential diagnosis 
based on spirometry 

(Table 4)

Trial of therapy*

Trial of therapy*

Review
diagnostic
probability

Diagnosis uncertain

Results of spirometry
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However, dilator response tests may 
aid diagnosis because larger changes in 
FEV1 (> 400 mL) are more suggestive 
of asthma. In many cases, it may not 
be possible to assign a precise diag-
nostic label, but bronchodilator and 
steroid reversibility studies are helpful 
for guiding the intensity of therapy 
with these agents.

Role of PEF
Variability in PEF may be informative in 
the following settings:
• patients with infrequent symptoms 
– a documented fall in PEF at the time 
of symptoms suggests asthma
• suspected occupational asthma 
– serial peak flow measurements 
performed at and away from work (see 
history) are fed into a mathematical 
algorithm (available online) that 
computes the diagnostic probability of 
occupational asthma.4

Other Investigations
Further investigations are helpful if one 
suspects an alternative diagnosis or an 
additional diagnosis that may aggravate 
asthma symptoms (Table 3).

Management of Stable Asthma

Aims
There are three major consequences 
of clinical importance in asthma, and 
management goals are directed at 
addressing each of these: control of 
asthma symptoms; prevention of exac-
erbations; and preservation of normal 
lung function.

Pharmacological and non-pharma-
cological measures play an important 
role in achieving these aims (Table 4).

Symptoms
Asthma symptoms are a cause of both 
physical and psychological morbidity 
that impact upon quality of life. The 
Royal College of Physicians’ (RCP) 

Table 3. Differential diagnosis in asthma

Without airflow obstruction With airflow obstruction

Normal spirometry Restrictive spirometry

Dysfunctional breathinga

Vocal cord dysfunctiona

Gastro-oesophageal reflux 
 diseasea

Pulmonary vascular disease

Cough syndromes

Cardiac failureb

Pulmonary fibrosis

Chronic obstructive pulmonary diseasea

Bronchiectasisa,b (including allergic 
 bronchopulmonary aspergillosis)

Churg–Strauss syndromea

Inhaled foreign bodyb

Obliterative bronchiolitis

Large airway stenosis

Sarcoidosisb

a These conditions may coexist with asthma and aggravate clinical symptoms.
b These conditions may be associated with normal spirometry.

Table 4. Role of management tools for achieving goals of asthma therapy

control of asthma 
symptoms

Prevention of 
exacerbations

Preservation of 
lung function

Pharmacological

                                       Inhaled and oral corticosteroids              ?

Long-acting β-agonistsa

Anti-leukotrienes

All bronchodilators

Non-
pharmacological

Patient education

Avoidance of triggers

Smoking cessation ? Smoking cessation

Breathing retraining 
techniques

a The prevention of exacerbations with long-acting β-agonists is only in conjunction with the use of corticosteroids.
Management tools are designed to control asthma symptoms but only some are effective for achieving other treatment goals.

groups with and without airflow 
obstruction (Table 3), with diagnostic 
and therapeutic implications.

Patients with Normal Spirometry
In this group, the primary differential 
diagnoses are conditions that are not 
responsive to either bronchodilators or 
corticosteroids. For patients with mild 
asthma, normal spirometry is common 
during periods of good control, and 

bronchodilator response tests are fre-
quently negative (poorly sensitive). 
Where diagnostic uncertainty exists, 
a measurement of AHR is the inves-
tigation of choice. Absence of AHR 
suggests an alternative diagnosis.

Patients with Obstructive Spirometry
In this group, all the tests of variable 
airflow obstruction discussed are less 
specific for a diagnosis of asthma. 
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three questions is a short and useful 
tool for objective assessment of 
symptom control:
• ‘Have you had difficulty sleeping 
because of your asthma symptoms 
(including cough)?’
• ‘Have you had your usual asthma 
symptoms during the day (cough, 
wheeze, chest tightness or breath-
lessness)?’
• ‘Has your asthma interfered with 
your usual activities (eg, housework, 
work, school etc)?’

A positive response to any question 
indicates persistent symptoms.

Exacerbations
Exacerbations or ‘asthma attacks’ are 
defined as periods of poor asthma 
control manifest by an increase in 
symptoms and deterioration in lung 
function that are not adequately 
managed by the individual’s usual ther-
apeutic regimen. Exacerbations are an 
important cause of asthma morbidity; 
in their severest form, they lead to hos-
pitalization and, in a small minority, 
death. The aetiology of exacerbations 
is multifactorial. Frequently, a history 
of allergen exposure or viral infection 

Table 5. Principles of a self-management plan

control of asthma symptoms
Risk 
stratification

Advice and recommended action
Symptoms

Peak expiratory flow 
(% best or predicted)

More frequent symptoms or new nocturnal 
symptoms requiring reliever use

60–75% I: Mild-moderate 
exacerbation

• Double dose of inhaled corticosteroid and 
continue until symptoms have settled for at least 
1 week

• Use reliever as needed

• Reliever should last 3–4 hours

Effects of reliever lasting less than 2 hours
50–60% II: Moderate-severe 

exacerbation
• Contact GP

• Commence oral corticosteroids

No improvement with reliever or failing to 
improve with oral corticosteroids after 2 days

< 50% III: Acute severe 
exacerbation

• Call for ambulance urgently

Figure 2. Stepwise algorithm for the titration of asthma pharmacotherapy 

Source: Scottish Intercollegiate Guidelines Network and British Thoracic Society. British guideline on the 
management of asthma. July 2007.

 

Oral prednisolone (use lowest dose providing adequate control)
Maintain high-dose inhaled steroid at 2,000 μg/day
Consider other treatments to minimize the use of steroid 
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Benefit from LABA but control still inadequate 
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400 µg/day is appropriate starting dose for many patients

Inhaled short-acting β2-agonist as required

St
ep

 d
ow

n 
if 

as
th

m
a 

co
nt

ro
lle

d 
fo

r 
3 

m
on

th
s

St
ep

 u
p 

if 
as

th
m

a 
un

co
nt

ro
lle

d 
co

ns
is

te
nt

ly

MP 11-12.indd   538 23/10/2012   3:20 PM



In focus

Medical Progress November 2012 539

can be identified.2 In a subgroup of 
patients, uncontrolled eosinophilic 
airway inflammation is an important 
risk factor for severe exacerbation 
events3 that is modifiable in clinical 
trials with treatment of the inflam-
mation with corticosteroids.4 More 
recently, treatment with the specific 
anti-eosinophilic agent, mepolizumab 
(anti–interleukin 5), has demonstrated 
efficacy for preventing exacerbations 
that is comparable with corticosteroids,5 
suggesting that airway eosinophils have 
an effector role in the pathogenesis of 
severe exacerbation events and that 
benefit observed with corticosteroids is 
probably a consequence of their anti-
eosinophilic properties.

Lung Function Decline
Chronic asthma is associated with accel-
erated decline in lung function6 that is 
considered to be a function of per-
sistent airway inflammation. Clinically 
important decrease in lung function 
may occur early in the disease, pre-
senting a challenge for its prevention. 
The rate of decline in adults is more 
marked in those with severe disease, 
frequent exacerbations, and smokers.7 
Although the ways in which inter-
ventions prevent decline are poorly 
understood, it is likely that smoking 
cessation, early removal from occupa-
tional sensitizers and, possibly, optimal 
corticosteroid therapy are effective.

Conceptually, a linear relationship 
is assumed between the three targets 
of asthma therapy: symptoms are 
a marker of uncontrolled disease 
activity, leading to exacerbations of 
asthma. Frequent exacerbations pre-
dispose to accelerated lung function 
decline. Asthma symptoms therefore 
play a central role in the clinical 
assessment of disease, both as a 
marker of current underlying disease 
activity and future asthma-associated 
prognosis. The focus of asthma therapy 

is therefore centred on the control of 
asthma symptoms (Figure 2).

Stepwise Algorithm for Asthma 
Treatment

Guidelines8 recommend the stepwise 
titration of therapy for asthma, with 
the primary aim of satisfactorily con-
trolling symptoms at the lowest dose 
of corticosteroid (Figure 2). Changes 
in therapy should be reviewed every 3 
months until stability is achieved.

At step 3, addition of a long-acting 
β-agonist to low-dose corticosteroid 
therapy is preferred over an increase 
in corticosteroid dose. There is 
molecular evidence for a synergistic 
effect between the two drug classes.9 In 
clinical practice, this strategy achieves 
an improvement in symptoms and 
lung function, and a fall in exacer-
bation frequency, which is comparable 
with a dose escalation in corticosteroid 
alone.10 Combination inhalers of 
long-acting β-agonists and inhaled cor-

ticosteroids have been developed; they 
have the advantage of patient conve-
nience and avoid unaccompanied use 
of long-acting β-agonists.

Budesonide/formoterol is licensed 
for use as a single inhaler for relief 
of symptoms and maintenance of 
asthma control (budesonide/for-
moterol maintenance and reliever 
therapy). This dual role is possible as 
formoterol is a long-acting β-agonist 
with a more rapid onset of action than 
salbutamol. The frequency of inhaler 
use will be governed by the severity 
and frequency of symptoms, ensuring 
higher doses of corticosteroid during 
periods of poor control. This is appro-
priate if deteriorating symptoms are 
associated with worsening underlying 
inflammation. Studies have shown 
improvements in lung function, 
reduction in exacerbation frequency, 
and better symptom control.11 In a 
recent update of national guidelines, 
a trial of budesonide/formoterol for 
maintenance and reliever therapy is 
suggested at step 3 if fixed-dose com-
bination therapy is insufficient. The 
strategy is likely to be most effective 
in the setting of poor compliance 
with inhaled corticosteroids, which 
is often associated with a behav-
ioural pattern of high frequency use 
of, and dependency on, short-acting 
bronchodilators.

Identifying and Treating Common 
Aggravators of Symptoms
A number of factors may aggravate 
the expression of clinical symptoms 
in patients with asthma (Table 3). Of 
these, gastro-oesophageal reflux disease 
and rhinitis are common and amenable 
to pharmacotherapy. In both, persistent 
cough is most often the manifes-
tation of apparent suboptimal asthma 
control. The additional diagnosis may 
be suspected from a careful history, 
although a trial of therapy is often 

"Asthma symptoms 
play a central role in 

the clinical assessment 
of disease, both as 
a marker of current 
underlying disease 
activity and future 
asthma-associated 

prognosis"
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considered in the absence of strong 
corroborative evidence. Although 
proton pump inhibitors and intranasal 
corticosteroids may be beneficial in 
individual cases, their efficacy has not 
been proven in clinical trials.12,13

Monitoring Asthma Control and 
Guided Self-management Plans
Self-management plans are individu-
alized written protocols instructing 
patients with recommended courses 

of action on the basis of their 
asthma control that is graded and 
risk stratified according to peak flow 
(expressed as % best or % predicted) 
and/or symptoms (Table 5). They are 
attractive because they are patient-
centred. Both symptom- and peak 
flow–guided plans improve asthma 
morbidity and reduce the frequency 
of hospitalizations and unscheduled 
doctor visits.14 In a subgroup of 
patients with a history of severe 

Table 6. Aetiology of refractory asthma

Patient factors

Poor inhaler technique and incorrect use of inhalers

Poor compliance with therapy

•  Particularly younger patients and those with co-existent psychiatric disorders including 
alcoholism

Persistent exposure to sensitized allergen
• Occupation
• Pets

Smoking
• Associated with symptoms and impaired corticosteroid responsiveness

Obesity
• Associated with symptoms and impaired corticosteroid responsiveness

Coexistent psychological morbidity
•  Both anxiety and depression can heighten perception of breathlessness leading to increased 

symptoms

Disease factors

Coexistent aggravating disorders
• Dysfunctional breathing disorders
• Rhinosinusitis
• Gastro-oesophageal reflux disease
• Cardiac failure

Acute bronchopulmonary aspergillosis
• Associated with more intense eosinophilic airway inflammation and bronchiectasis

Churg–Strauss syndrome

True corticosteroid-resistant asthma
• This subgroup constitutes a minority of patients with refractory asthma
• High doses of oral or parenteral corticosteroid usually overcome the impaired response to 
conventional therapy

Absence of demonstrable eosinophilic airway inflammation (non-eosinophilic asthma)
•  The response of asthma to corticosteroid therapy depends largely upon the presence of 

underlying eosinophilic airway inflammation

exacerbations, poor perception of 
airflow obstruction has been shown 
to contribute to delayed presentation 
to health care services.15 For these 
patients, a peak flow–based plan may 
identify deteriorating control earlier.

Referral to a Specialist
In the UK, approximately 20% of 
patients with asthma are referred to 
a respiratory specialist. Recommen-
dations for referral broadly fall into 
three groups:
• Patients with suspected occupa-
tional asthma.
• Patients with treatment-refractory 
asthma, defined as those failing to 
achieve control despite high-dose 
therapy (British Thoracic Society step 
4 or 5). This group constitutes 5–10% 
of the asthma population but accounts 
for over 60% of health care resource 
utilization for asthma in the UK. The 
reasons for a poor therapeutic response 
are multifactorial (Table 6).
• Patients at higher risk of asthma-
related death (Table 7).16 Relative risk 
is additive so that patients with several 
minor risk factors require referral as 
well as those with a single major risk 
factor. Follow-up with a respiratory 
physician for at least 12 months is rec-
ommended after admission for acute 
severe or life-threatening asthma.

Non-pharmacological Aspects of 
Asthma Care

Patient Education
Appropriate patient education is 
essential for the provision of patient-
centred care. There are several aspects 
to this:
• Identifying and avoiding asthma 
triggers, most importantly smoking 
cessation.
• Understanding the role of different 
prescribed therapies (distinguishing 
between ‘relievers’ and ‘preventers’). 
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This can help adherence, which is a 
considerable problem in asthma care.
• Encouraging adherence with medi-
cation.
• Ensuring correct inhaler technique.
• Recording and monitoring peak 
flow.
• Establishing and following a self-
management plan.

Regular follow-up with an asthma 
nurse reinforces key messages and 
leads to superior asthma control.17

Smoking Cessation and Trigger 
Avoidance
Approximately 25% of patients with 
asthma smoke, and smoking is asso-
ciated with increased symptoms and 
accelerated lung function decline. 
Smoking cessation produces significant 
improvement in symptoms and lung 
function within weeks of stopping.18

Allergen sensitization and exposure 
are common and often contribute to 
increased asthma symptoms. Simple 
measures such as limiting contact with 
household pets, notably cats, should 
be advised. There is no evidence that 

intensive and expensive measures 
to lower the burden of ubiquitous 
allergens, such as house dust mite, 
are beneficial. Regular antihistamines 
may be helpful when there is a clear 
association between allergen exposure 
and deteriorating asthma control 
(eg, loss of control with concomitant 
hay fever). Aspirin-induced asthma 
is a non-allergic form of asthma. 
Bronchoconstriction occurs because 
of inhibition of production of bron-
choprotective prostaglandin E2 and 
unchecked production of cysteinyl 
leukotrienes. Referral to a dietitian for 
implementation of a low-salicylate 
diet can help with asthma control.

Dysfunctional Breathing Patterns 
and Breathing Retraining Techniques
Examples of these include hyperven-
tilation and paradoxical vocal cord 
dysfunction, frequently coexist with 
asthma, and may contribute signifi-
cantly to asthma-like symptoms. In all 
cases, symptoms are typically out of 
proportion to measured lung function. 
Hyperventilation should be suspected 

when breathlessness occurs randomly 
and is not predictably exertional. It 
is associated with light-headedness, 
chest tightness and peripheral par-
aesthesiae, and may be precipitated 
during clinical assessment by asking 
the patient to take deep and frequent 
breaths. The Nijmegen questionnaire 
is a validated screening tool used in 
the diagnostic workup of suspected 
hyperventilation syndrome. It is a 
16-point questionnaire of hyperven-
tilation-associated symptoms, and 
patients are asked to score the severity 
of each on a scale of 1–4. A total score 
of over 23 increases the likelihood of 
the diagnosis.19 Paradoxical vocal cord 
dysfunction is a condition in which 
there is disordered movement of the 
vocal cords during the breathing cycle. 
Narrowing of the laryngeal orifice at 
the time of inspiration can lead to 
stridor and conversely wheeze in expi-
ration. As the problem is in the upper 
airway, wheeze is typically audible at 
a distance from the patient but may 
not be heard during auscultation. For 
dysfunctional breathing syndromes, 

Table 7. Risk factors for asthma 
mortality

Major risk factors

Previous mechanical ventilation for asthma

Previous admission to intensive care

Recent hospital admission for asthma

Minor risk factors

Asthma requiring oral corticosteroid or  
 theophylline for control

High β-agonist consumption

Factors associated with poor adherence
• Lower socioeconomic class
• Coexistent psychopathology
•  History of drug abuse or alcohol 

dependence
• Adolescence

Approximately 25% of patients 
with asthma smoke.
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physiotherapy-based breathing 
retraining programmes can be effective 
and may avoid the inappropriate esca-
lation of pharmacotherapy.20 One 
well-publicized example of a breathing 
retraining method is the Buteyko 
technique that uses hypoventilation in 
an effort to raise the partial pressure 
of carbon dioxide in the blood. This 
seems to have a beneficial effect on 
symptoms, and there have been reports 
of successful reduction in asthma med-
ication requirements.20

Recent Developments in Asthma

The failure to optimize asthma control 
in some patients is the focus of con-
siderable asthma research. Reasons 
for this are multifactorial, but disease 
heterogeneity in asthma precludes a 
one-size-fits-all approach to therapy. 
New strategies to manage treatment-
refractory asthma include monitoring of 
airway inflammation (inflammometry), 

development of monoclonal antibody 
therapies, and novel techniques for 
treating airway dysfunction.

Monitoring Airway Inflammation
Sputum induction is a non-invasive 
technique for examining patterns 
of inflammation in the proximal 
lower airways. Hypertonic saline is 
nebulized following a standardized 
protocol, and expectorated sputum is 
processed and analysed to determine 
the relative proportion of different cell 
types. Airway inflammation may be 
broadly classified as eosinophilic or 
non-eosinophilic. Pathologically, the 
two groups represent different immu-
nophenotypes, with implications 
for the development of monoclonal 
antibody therapies (see below). In 
clinical practice, eosinophilic airway 
inflammation indicates corticosteroid 
responsiveness and that increased 
doses of therapy will probably improve 
symptom control and reduce future 
exacerbations. Conversely, no benefit 

Practice points

• Asthma is a clinical diagnosis made 
on the basis of the history and a 
demonstration of variable airflow 
obstruction

• Bronchial provocation testing with 
methacholine or histamine should 
be performed if there is diagnostic 
uncertainty in patients with normal 
spirometry

• In patients with fixed airflow 
obstruction, it may not be possible 
to distinguish between asthma and 
other related conditions, notably 
chronic obstructive pulmonary 
disease. Assessment should focus 
more on defining best achievable 
lung function and symptom control

• Treatment goals for asthma are 
targeted at controlling symptoms, 
preventing exacerbations, and 
preserving normal lung function

• Asthma pharmacotherapy is broadly 
categorized into bronchodilator and 
anti-inflammatory agents. These are 
currently prescribed in a stepwise 
manner with the primary aim of 
controlling symptoms

• About 5–10% of patients have 
treatment-refractory asthma. 
Alternative or additional diagnoses 
should be sought in these 
individuals. Newer therapies 
and different management 
strategies incorporating the non-
invasive measurement of airway 
inflammation are being developed 
for this small but significant 
subgroup

• Mechanical therapies in the form of 
bronchial thermoplasty to reduce 
bronchial hyperresponsiveness are 
under further study to ascertain their 
role in management

The development of monoclonal antibody 
therapies is one of the new strategies to 
manage treatment-refractory asthma.
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is gained with higher corticosteroid 
dosage in patients exhibiting a non-
eosinophilic phenotype. In this setting, 
inflammometry can help to prevent 
overtreatment with corticosteroids. The 
concentration of exhaled nitric oxide 
is another biomarker of a Th2 pattern 
of airway inflammation and cortico-
steroid-responsive disease. This is easily 
measurable with portable hand-held 
instruments and offers the prospect of 
inflammometry-guided therapy in a 
non-specialist setting.

Monoclonal Antibody Therapies
A growing number of monoclonal 
antibodies are being developed to 
target key proinflammatory mediators 
of the Th2 pathway. Of these, mepo-
lizumab, a monoclonal antibody that 
blocks interleukin 5 (a key cytokine 
responsible for eosinophil maturation 
and recruitment) has been shown to 
reduce the frequency of severe exacer-
bations in patients with severe asthma 
and eosinophilic airway inflam-
mation.5 Trials exploring blocking 
antibodies to interleukins 4 and 13 and 
oral antagonists of the CRTh2 receptor 
are underway. It is likely that all these 
agents will work best in the subgroup 
of patients with an eosinophilic Th2 
type pattern of airway inflammation so 
that recognition using inflammometry 
will become increasingly important.21

Bronchial Thermoplasty
Bronchial thermoplasty offers a non-
pharmacological approach to asthma 
treatment targeted at airway smooth 
muscle. Thermal energy is applied 
bronchoscopically to the bronchial 
wall using a wired basket, producing 
disruption of smooth muscle bundles 
and preventing bronchoconstriction. 
A sham-controlled, double-blind, ran-
domized controlled trial (AIR 2) has 
shown improvement in asthma-related 
quality of life and reduced exacerbation 

numbers for at least a year following 
the procedure.22
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Drugs for Airway Disease
Peter J Barnes, DM, DSc, FRCP, FMedSci, FRS

Drugs for obstructive airway diseases include relievers, which provide immediate reversal 

of airway obstruction, and controllers, which provide long-term control of symptoms. 

Inhaled corticosteroids have revolutionized 
the management of chronic asthma.

T
wo types of drug are used in the treatment 
of obstructive airway disease1,2:
• Relievers (bronchodilators) give 
immediate reversal of airway obstruction, 

largely by relaxing airway smooth muscle.
• Controllers (preventers) suppress the 
underlying disease process and provide 
long-term control of symptoms. These drugs 
include anti-inflammatory treatments (Table 1).

Both asthma and chronic obstructive 
pulmonary disease (COPD) are characterized 
by airway narrowing secondary to a chronic 
inflammatory process. In asthma, eosinophilic 

(and sometimes neutrophilic) inflammation 
occurs throughout the respiratory tract. In 
COPD, there is inflammation and narrowing 
of small airways (chronic obstructive bron-
chiolitis) and proteolytic destruction of lung 
parenchyma (emphysema), resulting in loss of 
support for the airways, early closure on expi-
ration, and air trapping.

Bronchodilators cause immediate reversal 
of airway obstruction as a result of an effect 
on airway smooth muscle; other pharmaco-
logical effects on other airway cells (reduced 
microvascular leakage, reduced release of 
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bronchoconstrictor mediators from 
inflammatory cells) may contribute to 
the reduction in airway narrowing.

β2-Adrenergic Agonists

Inhaled β2-agonists are the most 
effective bronchodilator treatment in 
asthma because they reverse all known 
bronchoconstrictor mechanisms and 
have minimal adverse effects when 
used correctly. Short-acting and non-
selective β-agonists (eg, isoprenaline, 
orciprenaline) have no role.

Mode of Action
β2-Agonists produce bronchodilatation 
by directly stimulating β2-receptors in 
airway smooth muscle, which leads 
to relaxation of central and peripheral 
airways. β2-Agonists act as ‘functional 
antagonists’ and reverse bronchocon-
striction irrespective of the contractile 
agent; this is important in asthma 
because many bronchoconstrictor 
mechanisms (neural and mediators) 

are likely to constrict airways. In 
COPD, their major effect is reversal of 
cholinergic neural tone. Occupation 
of β2-adrenoceptors by agonists results 
in the activation of adenylyl cyclase 
via the stimulatory G protein, which 
increases intracellular cyclic adenosine 
monophosphate (cAMP), leading to 
relaxation.

β2-Adrenoceptors are localized 
to several types of airway cell, and 
β2-agonists may have additional 
effects. β2-Agonists may cause bron-
chodilatation, not only by a direct 
action on airway smooth muscle but 
indirectly by inhibiting the release 
of bronchoconstrictor mediators 

from mast cells and of bronchocon-
strictor neurotransmitters from airway 
nerves (Figure 1). β2-Agonists have an 
inhibitory effect on mast cell mediator 
release and microvascular leakage, sug-
gesting that they may inhibit acute 
inflammation. However, β2-agonists 
do not have a significant inhibitory 
effect on the chronic inflammation of 
asthmatic airways and do not reduce 
airway hyperresponsiveness, which is a 
clinical manifestation of inflammation 
in asthma.

Clinical Use
Short-acting inhaled β2-agonists (eg, 
salbutamol, terbutaline) are the most 

Table 1. Current therapy for 
asthma

Relievers (bronchodilators)

• β2-Agonists

• Theophylline

• Anticholinergics 

controllers (anti-inflammatory 
treatments)

• Corticosteroids

• Anti-leukotrienes

• Cromones

• Theophylline

• Anti-immunoglobulin E

• Methotrexate

• Gold

• Ciclosporin A

• Roflumilast

 

Smooth muscle
relaxation

↓ Histamine
Leukotriene D4 ↓ Acetylcholine

–
–

–

–
Cholinergic
nerve

Mast cell

Eosinophil

?

β2-Agonists

β2-Agonists

Figure 1. Direct and indirect effects of β2-agonists.

β2-Agonists relax airway smooth muscle cells directly, but may cause bronchodilatation indirectly by 
inhibiting release of mediators from inflammatory cells or neurotransmitters from cholinergic nerves.
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widely used bronchodilators. Their 
duration of action is 3–4 hours (less 
in severe asthma). When inhaled from 
pressurized metered-dose inhalers in 
standard doses, they are convenient, 
easy to use, rapid in onset of action, 
and without significant adverse effects. 
They also protect against the effects 
of bronchoconstrictor stimuli such as 
exercise, cold air, and allergen. They are 
the bronchodilators of choice in acute 
severe asthma, in the treatment of which 
the nebulized route of administration 
is as effective as intravenous use. The 
inhaled route of administration is pref-
erable to the oral route because adverse 
effects are less common and because it 
may be more effective (better access to 
surface cells such as mast cells). Short-
acting inhaled β2-agonists should be 
used as required by symptoms and not 
on a regular basis; increasing usage 
indicates a need for more anti-inflam-
matory therapy.

Long-acting inhaled β2-agonists: 
the long-acting inhaled β2-agonists, 
salmeterol and formoterol, are a sig-
nificant advance in the treatment 
of asthma and COPD.3 Both drugs 
have a bronchodilator action, protect 
against bronchoconstriction for more 
than 12 hours, and provide better 
symptom control (when given twice 
daily) than regular treatment with 
short-acting β2-agonists (four times 
daily). Formoterol has a more rapid 
onset of action but is a fuller agonist 
than salmeterol, so tolerance is more 
likely. Formoterol, but not salmeterol, 
is more effective as a reliever than 
short-acting β2-agonists. Inhaled 
long-acting β2-agonists may be added 
to low or moderate doses of inhaled 
corticosteroids if asthma is not con-
trolled, and this is more effective than 
increasing the dose of inhaled cortico-
steroids. Indacaterol is a new inhaled 
β2-agonist with a duration of action 
of 24 hours. Long-acting inhaled 

β2-agonists should be used only in 
patients who are taking inhaled corti-
costeroids because these drugs do not 
have an anti-inflammatory action and 
are potentially dangerous when given 
without corticosteroids. Combination 
inhalers with a long-acting β2-agonist 
and corticosteroid (fluticasone/sal-
meterol and budesonide/formoterol) 
are an effective and convenient way to 
control asthma and are also useful in 
COPD. Budesonide/formoterol is very 
effective as a reliever when added to 
maintenance treatment with the same 
drug.4

Adverse Effects
Unwanted effects result from 
stimulation of extra-pulmonary 
β-adrenoceptors. These effects are 
uncommon with inhaled therapy but 
more common with oral or intravenous 
administration (Table 2).

Safety 
A recent large trial in the USA showed 
that salmeterol increased mortality in 
asthmatic patients, but this was mainly 
in poor patients who were not using 
concomitant inhaled corticosteroids.5 
This provides a strong argument for 
prescribing long-acting β2-agonists 
only in a combination inhaler.

Tolerance
Continuous treatment with an agonist 
often leads to tolerance (desensi-

tization), which may result from 
uncoupling and/or downregulation of 
the receptor. Tolerance of non-airway 
β-receptor responses (eg, tremor, car-
diovascular and metabolic responses) is 
readily observed. Loss of bronchodilator 
action is minimal, but there is some loss 
of bronchoprotective effect against, for 
example, exercise. This is incomplete 
and not progressive, and does not 
appear to be a clinical problem.

Theophylline

Theophylline remains the most widely 
used anti-asthma therapy worldwide 
because it is inexpensive, but its greater 
incidence of adverse effects and the 
greater efficacy of β-agonists and 
inhaled corticosteroids have reduced 
its use. It still remains a useful drug in 
patients with severe asthma and COPD.

Mode of Action
Despite extensive study, it has been 
difficult to elucidate the molecular 
mechanisms of the bronchodilatory 
and other anti-asthma actions of 
theophylline.6 It is possible that any 
beneficial effect in asthma is related to 
its action on other cells (eg, platelets, 
T lymphocytes, macrophages) or on 
airway microvascular leak and oedema 
in addition to airway smooth muscle 
relaxation (Figure 2). Theophylline is 
a relatively ineffective bronchodilator, 
and its anti-asthma effect is more likely 

Table 2. Side effects of β2-agonists

• Muscle tremor – direct effect on skeletal muscle β2-adrenoceptors

•  Tachycardia – direct effect on atrial β2-adrenoceptors, reflex effect from increased peripheral 
vasodilatation via β2-adrenoceptors

• Hypokalaemia – direct effect on skeletal muscle uptake of K+ via β2-adrenoceptors

• Restlessness

• Hypoxaemia – increased V/Q mismatch because of pulmonary vasodilatation
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Theophylline

Figure 2. Effects of theophylline.

Theophylline has effects on several other cells in addition to airway smooth muscle; some of these effects are mediated via inhibition of phosphodiesterases. 

to be explained by another effect (eg, 
immunomodulation). Several modes 
of action have been proposed.

Inhibition of phosphodiesterases 
(PDEs): PDEs break down cAMP in 
the cell; their inhibition leads to an 
increase in intracellular cAMP concen-
trations. This is likely to account for 
the bronchodilator action of theoph-
ylline, but the degree of inhibition is 
minor at concentrations of theoph-
ylline within the therapeutic range. 
PDE inhibition also accounts for the 
occurrence of nausea and headaches.

Adenosine receptor antagonism: 
adenosine is a bronchoconstrictor in 
asthmatic patients, via activation of 

therefore be reserved for the few patients 
who fail to respond to β-agonists. 
(Aminophylline is a stable mixture 
or combination of theophylline and 
ethylenediamine, which confers greater 
solubility in water.) There is increasing 
evidence that low doses (giving plasma 
concentrations of 5–10 mg/L) may be 
useful when added to inhaled corti-
costeroids, particularly in more severe 
asthma. Theophylline is also useful 
as an additional bronchodilator in 
COPD, reducing hyperinflation and 
improving dyspnoea.

Theophylline is readily and reliably 
absorbed from the gastrointestinal 
tract, but there are many factors 

mast cells (A2B receptors). Adenosine 
antagonism may account for some 
adverse effects of theophylline (eg, 
central nervous system stimulation, 
cardiac arrhythmias, diuresis).

Histone deacetylase activation: 
therapeutic concentrations of theoph-
ylline activate histone deacetylases in 
the nucleus, resulting in the switching 
off of activated inflammatory genes 
and enhancing the anti-inflammatory 
action of corticosteroids.

Clinical Use
In patients with acute asthma, intra-
venous aminophylline is less effective 
than nebulized β2-agonists and should 
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4). The severity of these effects may 
be reduced by increasing the dose 
gradually until a therapeutic concen-
tration has been achieved.

Anticholinergics

Atropine is a naturally occurring 
compound that was introduced for 
the treatment of asthma but, because 
of adverse effects (particularly drying 
of secretions), less soluble quaternary 
compounds (eg, ipratropium bromide) 
were developed.

Mode of Action
Anticholinergics are specific antag-
onists of muscarinic receptors and 
inhibit cholinergic nerve-induced 
bronchoconstriction. A small degree 
of resting bronchomotor tone is 
present because of tonic cholinergic 
nerve impulses, which release ace-
tylcholine in the vicinity of airway 
smooth muscle, and cholinergic reflex 
bronchoconstriction may be initiated 

by irritants, cold air, and stress. 
Although anticholinergics protect 
against acute challenge by sulphur 
dioxide and emotional factors, they 
are less effective against antigen, 
exercise, and fog. They inhibit reflex 
cholinergic bronchoconstriction only 
and have no significant blocking effect 
on the direct effects of inflammatory 
mediators such as histamine and 
leukotrienes. In COPD, cholinergic 
tone is the only reversible element of 
airway narrowing.

Clinical Use
Ipratropium bromide and oxitropium 
bromide are administered three 
or four times daily via inhalation 
whereas tiotropium bromide is 
inhaled once daily. In asthmatics, 
anticholinergic drugs are less effective 
than β2-agonists and offer less pro-
tection against various bronchial 
challenges. Nebulized anticholinergics 
are effective in acute severe asthma 
but less effective than β2-agonists. 

Table 3. Factors affecting 
theophylline clearance

Increased clearance

•  Enzyme induction (rifampicin, 
phenobarbital, ethanol)

• Smoking (tobacco, marijuana)

• High-protein, low-carbohydrate diet

• Barbecued meat

• In children

Decreased clearance

•  Enzyme inhibition (cimetidine, 
erythromycin, ciprofloxacin, allopurinol, 
zafirlukast)

• Congestive heart failure

• Liver disease

• Pneumonia

• Viral infection and vaccination

• High-carbohydrate diet

• In the elderly

Table 4. Adverse effects of 
theophylline

• Nausea and vomiting

• Headaches

• Gastric discomfort

• Diuresis

• ? Behavioural disturbance

• Cardiac arrhythmias

• Epileptic seizures

affecting plasma clearance and thereby 
plasma concentration, that make the 
drug relatively difficult to use (Table 3).

Adverse effects are usually related 
to plasma concentration and tend 
to occur when this exceeds 20 mg/L, 
although some patients develop them 
at lower concentrations. The most 
common adverse effects are headache, 
nausea and vomiting, abdominal 
discomfort, and restlessness (Table 

Theophylline still remains a useful 
drug in patients with severe asthma 
and COPD despite its adverse effects.
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Nevertheless, anticholinergic drugs 
may have an additive effect with 
β2-agonists in acute and chronic 
treatment and should therefore be 
considered when control of asthma 
is inadequate, particularly when the-
ophylline or inhaled β-agonists have 
caused adverse effects. Recent studies 
have demonstrated that tiotropium is 
an effective add-on bronchodilator in 
patients with severe asthma.

Anticholinergic drugs are the bron-
chodilators of choice in COPD, and 
once-daily tiotropium bromide is the 
most effective bronchodilator for COPD 
(Figure 3).7 There are useful additive 
effects with long-acting β2-agonists.

Adverse Effects
Inhaled anticholinergic drugs are well 
tolerated, and systemic adverse effects 
are uncommon because almost no 
systemic absorption occurs (Table 5). 
Ipratropium bromide, even in high 
doses, has no detectable effect on airway 
secretions. Nebulized ipratropium 
bromide may precipitate glaucoma in 
elderly patients as a result of a direct 
effect of the nebulized drug on the eye; 
this is avoided by use of a mouthpiece 
rather than a facemask. Paradoxical 
bronchoconstriction with ipratropium 
bromide, particularly when given by 
nebulizer, was largely explained by the 
hypotonicity of an earlier nebulizer 

solution and by antibacterial additives 
such as benzalkonium chloride; this 
problem is avoided with current prepa-
rations. Dry mouth occurs in about 
10% of patients taking tiotropium 
bromide but rarely requires discontin-
uation of treatment. Urinary retention 
and glaucoma are rare adverse effects

Corticosteroids

Corticosteroids are the most effective 
therapy available for asthma. Inhaled 
corticosteroids have revolutionized the 
management of chronic asthma and 
are now used as first-line therapy in all 
patients with persistent symptoms.

Mode of Action 
Corticosteroids enter target cells and 
bind to glucocorticoid receptors in 
the cytoplasm.8 The corticosteroid–
receptor complex is transported to the 
nucleus, where it binds to specific 
sequences on the upstream regu-
latory element of certain target genes, 
resulting in increased or decreased 
transcription of the gene and increased 
or decreased protein synthesis. Gluco-
corticoid receptors may also inhibit 
transcription factors, such as nuclear 
factor κB and activator protein 1, which 
regulate inflammatory gene expression 
by a non-genomic mechanism. 
Corticosteroids inhibit histone acet-
ylation and thereby inflammatory 
gene expression by recruiting histone 
deacetylase 2 to the transcriptional 

Figure 3. Effects of anticholinergic drugs.

Anticholinergic drugs inhibit vagally mediated airway tone, leading to bronchodilatation. This effect is small 
in normal airways, but greater in the airways of patients with chronic obstructive pulmonary disease, which 
are structurally narrowed.

Vagus
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Acetylcholine
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Vagal ‘tone’

Normal COPD
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Table 5. Adverse effects of 
anticholinergics

• Dry mouth

• Blurred vision

• Glaucoma

• Urinary retention

• Paradoxical bronchoconstriction
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complex (Figure 4).
The mechanism of action of cor-

ticosteroids in asthma is most likely 
to be related to their anti-inflam-
matory properties. Corticosteroids 
have widespread effects on gene tran-
scription, increasing transcription of 
anti-inflammatory genes, and, more 
importantly, suppressing transcription 
of many inflammatory genes. They 
also have inhibitory effects on many 
inflammatory and structural cells 
that are activated in asthma (Figure 
5). The inhibitory action of inhaled 
corticosteroids on airway epithelial 
cells may be particularly important; 
this results in a reduction in airway 

hyperresponsiveness, although in 
long-standing asthma, airway respon-
siveness may not return to normal 
because of irreversible structural 
changes in airways.

Clinical Use
Systemic corticosteroids are used in 
acute asthma and accelerate its reso-
lution. There is no advantage to the use 
of very high doses of intravenous corti-
costeroids (eg, methylprednisolone, 1 
g). Prednisolone, 40–60 mg orally, has 
an effect similar to intravenous hydro-
cortisone and is easier to administer.

Maintenance oral corticosteroids 
are reserved for patients whose asthma 

cannot be controlled by other therapy; 
the dose is titrated to the lowest that 
provides acceptable symptom control. 
In any patient taking regular oral cor-
ticosteroids, objective evidence of 
corticosteroid responsiveness should 
be obtained before maintenance 
therapy is instituted. Short courses of 
oral corticosteroids (prednisolone, 
30–40 mg daily for 1–2 weeks) are 
indicated for exacerbations of asthma; 
the dose may be tapered over 1 week 
once the exacerbation is resolved (the 
tapering period is not strictly necessary, 
but patients find it reassuring).

Inhaled cort icosteroids are 
currently recommended as first-line 

Figure 4. Molecular mechanisms of action of corticosteroids.

Corticosteroid suppresses inflammation by switching off the transcription of multiple activated inflammatory genes. Inflammatory genes are switched on by inflammatory 
stimuli through the activation the transcription factor nuclear factor κB (NF-κB). NF-κB translocates to the nucleus and binds to specific recognition sites on 
inflammatory genes and also to coactivators, such as CREB-binding protein (CBP), which has intrinsic histone acetyltransferase (HAT) activity. This leads to acetylation 
of core histones, resulting in increased expression of genes encoding multiple inflammatory proteins such as cytokines. Glucocorticoid receptors (GR) after activation by 
corticosteroids also translocate to the nucleus and bind to coactivators to inhibit HAT activity directly and more importantly by recruiting histone deacetylase-2 (HDAC2), 
which reverses histone acetylation leading to suppression of these activated inflammatory genes. Theophylline in low concentrations is able to activate HDAC2 and 
restore steroid responsiveness in severe asthma and chronic obstructive pulmonary disease.
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therapy in all patients with persistent 
asthma.9 They may be started in any 
patient who needs to use a β2-agonist 
inhaler for symptom control more 
than twice a week. In most patients, 
inhaled corticosteroids are used twice 
daily; this improves compliance once 
control of asthma has been achieved. 
If a dose of more than 800 μg daily via 
metered-dose inhaler is administered, 
a spacer should be used to reduce the 
risk of oropharyngeal adverse effects 
and of absorption from the gastroin-
testinal tract. Inhaled corticosteroids, 
400 μg daily or less, may be used 
safely in children.

Rarely, patients with severe asthma 
fail to respond to corticosteroids. 
Corticosteroid-resistant asthma 
may be caused by a reduction in the 

nuclear enzyme histone deacetylase 2. 
COPD patients occasionally respond 
markedly to corticosteroids; these 
patients are likely to be undiagnosed 
asthmatics. Patients with COPD show 
a poor response to corticosteroids, and 
the inflammation is steroid-resistant. 
This steroid resistance appears to be 
due to a marked reduction in histone 
deacetylase 2 in inflammatory cells, 
such as macrophages, in COPD. 
Inhaled corticosteroids have no effect 
on the progression of COPD but 
reduce exacerbations in patients who 
have severe disease and frequent exac-
erbations. Inhaled corticosteroids do 
not reduce mortality in COPD, and 
recent evidence suggests that they 
may increase the risk of developing 
pneumonia.

Figure 5. Effects of corticosteroids on inflammatory and structural cells in the airways.
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"Inhaled 
corticosteroids are 

currently recommended 
as first-line therapy 
in all patients with 
persistent asthma"
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Table 6. Adverse effects of inhaled 
corticosteroids

Local

• Dysphonia

• Oropharyngeal candidiasis

• Cough

systemic

• Adrenal suppression

• Growth suppression

• Bruising

• Osteoporosis

• Cataracts

• Glaucoma

•  Metabolic abnormalities (glucose, 
insulin, triglycerides)

• Psychiatric disturbances

Adverse Effects
Corticosteroids inhibit cortisol 
secretion by a negative feedback effect 
on the pituitary gland. Hypothalamo–
pituitary–adrenal axis suppression is 
dependent on dose and usually occurs 
when a dose of prednisolone of more 
than 7.5–10 mg daily is used. Sig-
nificant suppression after short courses 
of corticosteroid therapy is not usually 
a problem, but prolonged suppression 
may occur after several months or years; 
corticosteroid doses after prolonged 
oral therapy must therefore be 
reduced slowly. Symptoms of ‘cortico-
steroid withdrawal syndrome’ include 
lassitude, musculoskeletal pains, and, 
occasionally, fever.

Adverse effects of long-term oral 
corticosteroid therapy include fluid 
retention, increased appetite, weight 
gain, osteoporosis, capillary fragility, 
hypertension, peptic ulceration, 
diabetes, cataracts, and psychosis. The 
incidence tends to increase with age.

Systemic adverse effects of inhaled 
corticosteroids (Table 6) have been 

to control the asthma, and by use of a 
large-volume spacer to reduce oropha-
ryngeal deposition.

Inhaled corticosteroids may 
have local adverse effects caused by 
deposition of corticosteroid in the oro-
pharynx (Table 6).

Pharmacokinetics are important 
in relation to the adverse effects of 
inhaled corticosteroids. The fraction 
of corticosteroid inhaled into the 
lungs acts locally on the airway 
mucosa and may be absorbed from 
the airway and alveolar surface, 
thereby reaching the systemic cir-
culation. The fraction of inhaled 
corticosteroid deposited in the oro-
pharynx is swallowed and absorbed 
from the gut (Figure 6). The absorbed 
fraction may be metabolized in the 
liver before it reaches the systemic cir-
culation. Budesonide and fluticasone 
have a greater first-pass metabolism 
than beclometasone dipropionate 
and are therefore less likely to 
produce systemic effects at high 
inhaled doses. The use of a spacer 
reduces oropharyngeal deposition, 
thereby reducing systemic absorption 
of corticosteroid.

Anti-leukotrienes

Anti-leukotrienes (leukotriene receptor 
antagonists) are much less effective 
than inhaled corticosteroids in the 
control of asthma.10

Mode of Action
Elevated concentrations of leukotrienes 
are detectable in bronchoalveolar 
lavage fluid, exhaled breath condensate, 
sputum, and urine of asthmatic patients. 
Cysteinyl-leukotrienes (cys-LTs) are 
generated from arachidonic acid by 
the rate-limiting enzyme 5-lipoxy-
genase (Figure 7). cys-LTs are potent 
constrictors of human airways in vitro 
and in vivo, cause airway microvascular 

"Pharmacokinetics are 
important in relation to 
the adverse effects of 

inhaled corticosteroids"

investigated extensively. Effects such 
as cataract formation and osteoporosis 
are reported, but often in patients who 
are also taking oral corticosteroids. 
There has been particular concern 
about growth suppression in children 
using inhaled corticosteroids, but in 
most studies daily doses of 400 μg 
or less have not been associated with 
impaired growth, and there may even 
be a growth spurt because asthma is 
better controlled.
• Initial studies suggested that adrenal 
suppression occurred only when 
inhaled doses of more than 1,500 μg 
daily were used.
• More sensitive measurements of 
systemic effects include indices of bone 
metabolism (eg, serum osteocalcin, 
urinary pyridinium cross-links) and, 
in children, short-term growth of the 
lower leg, which may be increased at 
inhaled doses as low as 800 μg.

The clinical relevance of these mea-
surements is unclear. Nevertheless, 
it is important to reduce the risk of 
systemic effects by using the lowest 
dose of inhaled corticosteroid needed 
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leakage in animals, and stimulate 
airway mucus secretion. These effects 
are all mediated in human airways 
via cys-LT1 receptors. Montelukast and 
zafirlukast are potent cys-LT1 receptor 
antagonists that markedly inhibit 
the bronchoconstrictor response to 
inhaled leukotrienes, reduce allergen-
induced, exercise-induced and cold 
air-induced asthma by about 50–70%, 
and inhibit aspirin-induced responses 
in aspirin-sensitive asthmatics almost 
completely. The only 5-lipoxygenase 
inhibitor clinically available (in the 
USA) is zileuton, the efficacy of which 
is similar to that of receptor antag-
onists. Anti-leukotrienes have also been 
shown to have weak anti-inflammatory 
effects and may reduce eosinophilic 
inflammation, which may be provoked 
by cys-LTs.

Figure 6. Pharmacokinetics of inhaled corticosteroids. 
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Clinical Use
Anti-leukotrienes may have a small 
and variable bronchodilator effect, 
indicating that leukotrienes may con-
tribute to baseline bronchoconstriction 
in asthma. Long-term administration 
reduces asthma symptoms and the need 
for rescue β2-agonists, and improves 
lung function. However, their clinical 
effects are significantly less than those 
of inhaled corticosteroids in terms of 
symptom control, improvement in 
lung function, and reduction in exac-
erbations. Anti-leukotrienes are not as 
effective as inhaled corticosteroids in 
the management of mild asthma and 
are not the preferred therapy. They may 
be useful in patients, whose asthma 
is not controlled by inhaled cortico-
steroids, as an add-on therapy but 
are less effective in this respect than a 

long-acting β2-agonist or low-dose the-
ophylline. They are effective in some 
but not all patients with aspirin-sen-
sitive asthma. Patients appear to differ 
in their response to anti-leukotrienes, 
and it is impossible to predict which 
patients will respond best.

A major advantage of anti-leukot-
rienes is that they are orally active, and 
this is likely to improve compliance 
with long-term therapy. However, they 
are expensive, and a trial of therapy is 
indicated to determine which patients 
will benefit most.

Adverse effects are uncommon. 
Zafirlukast may produce mild liver 
dysfunction, so liver function tests are 
important. Several cases of Churg–
Strauss syndrome (systemic vasculitis 
with eosinophilia and asthma) have 
been observed in patients taking anti-
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leukotrienes, but this is likely to be 
because a concomitant reduction in 
oral corticosteroids (made possible 
by the antileukotriene) allows the vas-
culitis to flare up.

Cromones

Cromones include sodium cromo-
glycate and the structurally related 
nedocromil sodium.

Although they protect against 
indirect bronchoconstrictor stimuli, 
such as exercise, allergen and fog, they 
are poorly effective compared with low 
doses of inhaled corticosteroids, and 
systematic reviews have concluded that 
they provide little benefit in chronic 
asthma. They are now rarely used, and 
there is no role for cromones in the 
management of COPD.
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Figure 7. Effects of cysteinyl-leukotrienes on the airways and their inhibition by anti-leukotrienes. 

Anti-IgE Therapy

Mode of Action
Omalizumab is a humanized recom-
binant monoclonal antibody that 
binds to circulating IgE and thus blocks 
it from activating high-affinity IgE 
receptors on mast cells and low-affinity 
IgE receptor on other inflammatory 
cells.11 This results in reduced responses 
to allergens (Figure 8). Over time, the 
blocking of IgE reduces its synthesis 
from B cells and results in a sustained 
reduction in IgE.

Clinical Use
Omalizumab reduces airway 
inflammation in patients with mild-
to-moderate asthma, and reduces the 
incidence of asthma exacerbations and 
improves control in patients main-

"Omalizumab is most 
useful in patients with 

severe asthma who 
are not controlled by 

maximal doses of 
inhaled therapy"
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tained on reduced doses of inhaled 
corticosteroids. Omalizumab is most 
useful in patients with severe asthma 
who are not controlled by maximal 
doses of inhaled therapy, as it reduces 
exacerbations and improves asthma 
control. Only about 30% of patients 
show a good response and this is not 
predictable by any clinical features, 
so a trial of therapy over 4 months 
is indicated. Omalizumab should be 
given only in patients with serum IgE 
concentrations of 20–700 IU/mL; it is 

not possible to give enough antibody 
to neutralize higher IgE concentrations. 
The dose of omalizumab is determined 
by the serum IgE and is given either 
once or twice a month. Because of 
its high cost, only patients at steps 
4 (severe) and 5 (very severe) of the 
British Thoracic Society guidelines 
who have frequent exacerbations are 
suitable for this therapy.

Adverse effects 
Occasionally, local reactions occur at 

the injection sites, and, very rarely, 
anaphylactic reactions have been seen.

Immunosuppressive/
Corticosteroid-sparing Therapy

Immunosuppressive therapy has been 
considered in asthma when other 
treatments have been unsuccessful or 
when a reduction in the dosage of 
oral corticosteroids is required; it is 
therefore indicated in very few (<1%) 
asthmatic patients at present.
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Figure 8. Anti-IgE therapy.

IgE plays a central role in allergic diseases, and blocking IgE using an monoclonal antibody omalizumab is beneficial in some patients with severe asthma. IgE may 
activate high-affinity receptors (FcεRI) on mast cells as well as low-affinity receptors (FcεRII, CD23) on other inflammatory cells so that anti-IgE therapy inhibits mast 
cell–mediated effects as well as reducing chronic inflammation.

IL = interleukin; cys-LT = cysteinyl-leukotriene; PG = prostaglandin.
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Methotrexate
Low-dose methotrexate, 15 mg weekly, 
has a corticosteroid-sparing effect 
in some patients with asthma, but 
adverse effects are relatively common 
and include nausea (reduced if metho-
trexate is given as a weekly injection), 
blood dyscrasia, and hepatic damage. 
Careful monitoring (monthly blood 
counts and liver enzymes) is essential.

Gold 
Gold has long been used in the 
treatment of chronic arthritis. A con-
trolled trial of an oral gold preparation 
(auranofin) demonstrated some cor-
ticosteroid-sparing effect in chronic 
asthmatic patients maintained on oral 
corticosteroids, but adverse effects 
(skin rashes and nephropathy) are a 
limiting factor.

Ciclosporin A
Low-dose oral ciclosporin A in patients 
with corticosteroid-dependent asthma 
is reported to improve control of 
symptoms, but in clinical practice it is 
unimpressive and its use is limited by 

severe adverse effects (nephrotoxicity, 
hypertension).

Roflumilast

Roflumilast is a once-daily oral PDE4 
inhibitor that has anti-inflammatory 
effects in COPD patients.12 Its dose 
is limited by adverse effects (nausea, 
vomiting, diarrhoea, headaches), so that 
its clinical efficacy is relatively small. 
Weight loss may also occur, but this 
is non-progressive and reversible. In 
COPD patients with severe disease 
(forced expiratory volume in 1 second 
[FEV1] < 50% predicted), chronic bron-
chitis and frequent exacerbations, there 
is a small improvement in lung function 
and a reduced incidence of severe exac-
erbations. It is therefore used as an 
add-on therapy in a subpopulation of 
patients with COPD. It should never 
be co-administered with theophylline, 
which also has PDE4-inhibitory effects.
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Practice points

• Short-acting inhaled β2-agonists should be used as required for symptom relief rather than 
regularly

• Inhaled corticosteroids are the first-line treatment for chronic asthma but much less effective 
in COPD

• Long-acting inhaled β2-agonists may be added to inhaled corticosteroids if asthma control 
is poor on low doses of inhaled corticosteroids, and are conveniently taken as a fixed 
combination inhaler combined with a corticosteroid

• Anticholinergics are the bronchodilators of first choice in COPD

• Anti-leukotrienes may be used as an add-on therapy in asthmatic patients not controlled by 
inhaled corticosteroids, but are less effective than adding a long-acting β2-agonist, and the 
response is unpredictable

• Theophylline is a useful add-on therapy in severe asthma and COPD

• Anti-IgE antibody (omalizumab) reduces exacerbations in patients with severe asthma not 
controlled by maximal doses of inhaled therapy, but response is unpredictable and the 
treatment is very expensive

• Roflumilast is a phosphodiesterase 4 inhibitor for patients with severe COPD that reduces 
exacerbations, but has modest clinical efficacy as the dose is limited by adverse effects

Answers to questions on page 532: 1. T, 2. T, 3. F, 4. F, 5. T
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Vertigo and Migraine: ‘How Can It Be Migraine 

If I Don’t Have a Headache?’
Shaun Watson, MBBS(Hons), FRACP, PhD

Vestibular migraine is a common, treatable cause of vertigo that 

should be considered whenever vertigo cannot be clearly explained 

by an alternative condition. In clinical practice, the patient’s response 

to treatment with a migraine preventive agent can determine the 

diagnosis.

Headache and dizziness are two 
of mankind’s great afflictions, so 
common that they can almost be 
considered part of normal human 
experience. How often does a patient 
who is asked about headache reply: ‘I 
just get normal headaches’? Likewise, 
dizziness (even vertigo) can be viewed 
as ‘normal’ dizziness when expe-
rienced on quickly standing, with 
exhaustion or other illness, after 
taking drugs or alcohol, or at heights.

Migraine occurs in about 12% of 
the population1 and, according to 
a recent population survey, vertigo 
occurs in about 8% of people each 
year, often of sufficient severity to 
provoke medical assessment.2 Thus, 
it is not unexpected that migraine 
and vertigo should coexist in the one 
patient, but many studies have shown 
that the association is considerably 
more than would be expected by 
chance.3 It is proposed that this dis-
crepancy is due to vertigo occurring 
as a result of migrainous pathophys-
iology, a condition most commonly 
referred to as vestibular migraine.

Vestibular migraine is thought to 
be among the most common causes 
of vertigo seen in patients in daily 
clinical practice.4,5 With experience, 
clinicians can recognize vestibular 
migraine as a relatively distinctive 
and recognizable syndrome, and not 
only a coexistence of two common 
symptoms. Diagnostic criteria for ves-
tibular migraine have been proposed 
(see the box on page 558), and 
shown to have good long-term speci-
ficity.6 However, vestibular migraine 
is still not a diagnosis accepted by all 
experts and is very much a clinical 
syndrome in evolution. For example, 
the current International Classification 
of Headache Disorders7 does not 
include vestibular migraine, although 
it does include two rare disorders in 
which migraine is the accepted cause 
of vertigo – namely basilar migraine 
and benign paroxysmal positioning 
vertigo (BPPV) of childhood. It is the 
view of the author that these two rare 
disorders represent the very small tip 
of a very large vestibular migraine 
iceberg.

Pathophysiology of Vestibular 
Migraine

Not long ago, migraine was seen 
as a neurovascular disorder. Now, 
it is generally considered to be a 
brain disorder with a strong genetic 
component, although even in the 
case of migraine headache the precise 
pathophysiology is uncertain.8

The typical migraine aura is 
considered to occur because of a 
cortical process known as ‘spreading 
depression’, distinct from ischaemia. 
The aura usually precedes the 
headache, raising the possibility that 
the primary abnormality in migraine 
is cortical.

A link between vestibular migraine 
and migraine aura is a tempting 
hypothesis, but is challenged by the 
dissimilarity in temporal pattern 
between the two. Unlike typical 
migraine aura, vestibular migraine 
shows a highly inconstant relationship 
to headache and a highly variable 
duration, with episodes lasting 
seconds to days, or possibly even far 
longer.9

The vestibular system spans the 
inner ear, brainstem and cortex 
(parieto–temporal junction) and dys-
function at any of these levels could 
cause vestibular migraine. A study of 
patients during severe attacks of ves-
tibular migraine found patterns of 
nystagmus that suggested a central 
disorder in most individuals, but 
also indicated a peripheral disorder 
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in a significant minority of others.10 
Functional imaging studies such 
as positron emission tomography 
in migraineurs have shown abnor-
malities in brainstem structures such 
as locus coeruleus.11 The brainstem is 
the region where structures relevant to 
head pain and vertigo are closest.

The possibility that migraine and 
vestibular migraine are caused by a 
diffuse dysfunction of neuronal excit-
ability is favoured by the observation 
that disorders of ion channel function 
can manifest as migraine or vertigo.12 
Indeed, mutation of the same calcium 
channel gene can cause either familial 
hemiplegic migraine (also with more 
usual migraine) or episodic ataxia 
(also with vertigo and often migraine 
headaches). Other observations 
supporting widespread neuronal dys-
function as a cause of migraine and 
vestibular migraine include the broad 
clinical spectrum of migraine (eg, 
hypersensitivity to sensory stimuli) 

and the wide range of medications 
found to be effective in prophylaxis.

Clinical Features of Vestibular 
Migraine

Diagnosis of vestibular migraine is 
based on three main factors. These are:
• adequate exclusion of other 

disorders
• clinical pattern
• response to migraine prophylactic 

therapy.

A Diagnosis of Exclusion
There is no finding on clinical 
examination or investigation that 
is diagnostic of vestibular migraine. 
Indeed, if unequivocal abnormalities 
are present, then the diagnosis of ves-
tibular migraine must be seriously 
questioned. Thus, the diagnosis of 
vestibular migraine is based on the 
combination of recognizing a con-
sistent clinical syndrome and adequate 

exclusion of other disorders. This 
is a diagnostic process common to 
many disorders in clinical medicine, 
including migraine headache itself.

Clinical Pattern
Vestibular migraine is common and 
its clinical pattern of presentation is 
protean. The presence of vestibular 
migraine should be at least considered 
in the differential diagnosis for most 
cases of vertigo. The clinical features 
of vestibular migraine overlap with 
all other major vestibular syndromes 
(peripheral and central),13 and both 
Menière’s disease14 and BPPV15 are 
more common in migraine.

Once a diagnosis of vestibular 
migraine is raised, it should be 
reviewed and reconsidered at every 
opportunity, especially if response 
to therapy is suboptimal or clinical 
features change.

Response to Migraine Prophylactic 
Therapy
If the diagnosis of vestibular migraine 
seems possible at the end of a patient’s 
clinical assessment, then it is very rea-
sonable to trial a migraine preventive 
agent (Table). Response to therapy 
may not absolutely prove vestibular 
migraine but often secures a com-
fortable clinical diagnosis.

A Confident Approach to 
Assessing Vertigo

Because vestibular migraine is a great 
mimic, it is difficult to diagnose 
without a confident general approach 
to vertigo. Clinical assessment of 
dizziness and vertigo can often be 
daunting and unsatisfactory, partly 
because an organized approach is 
lacking. Focusing on the following 
crucial questions when taking a history 
can lead to a more confident diagnosis 
of vertigo in general and vestibular 

Features of vestibular migraine

Definite vestibular migraine

•   Two or more attacks of vestibular vertigo (rotational vertigo, other illusory self or object motion, 
positional vertigo, head motion intolerance – ie, sensation of imbalance or illusory self or object 
motion that is provoked by head motion).

•   Migraine, as defined by the ICHD.7

•   Concomitant migrainous symptoms during two or more vertigo attacks. 

•   No evidence of other central or otological causes of vertigo.

Possible vestibular migraine

•   Two or more attacks of vestibular vertigo.

•   At least one of the following:

   – migraine, as defined by the ICHD7

   – at least one migrainous symptom during two or more vertigo attacks
   – migrainous headaches
   – photophobia
   – phonophobia
   – visual or other auras.
•   No evidence of other central or otological causes of vertigo.

ICHD = International Classification of Headache Disorders.
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migraine in particular.
• Is it vertigo?
• What are the associated symptoms?
• What is the temporal profile of the 
vertigo and does it fit into any of the 
typical temporal syndromes?
• Is there any relevant past medical or 
family history of migraine?

Is It Vertigo?
Vertigo is often defined as an illusion of 
spinning of the environment. However, 
in practice it is quite common for 
vestibular disorders to present with 
dizziness that is not ‘typical rotatory 
vertigo’. An emerging and less restrictive 
definition of vertigo encompasses 
not just spinning but any illusion of 
motion.16 Even so, some patients with 
definite vestibular disorders (eg, BPPV 
or Menière’s disease) cannot easily 
describe their experience in words 
more specific than being simply ‘dizzy’. 
However, the recognition of patients 
with vertigo can be aided by taking into 
account triggering factors, temporal 
pattern, and associated symptoms.

It is worth remembering that 
vertigo is a symptom not a diagnosis, 
and placing too much emphasis on 
defining and recognizing vertigo 
risks ‘not seeing the forest for the 
trees’. In this article, vertigo is used in 
the broadest possible sense. It is also 
important to note that it is particularly 
common for vestibular migraine to 
present with atypical vertigo.

Associated Symptoms With Vertigo
Symptoms that support the presence 
of vertigo or vestibular dizziness 
include nausea, vomiting, hearing 
loss, tinnitus, aural fullness, and 
unsteadiness. Nausea, vomiting and 
unsteadiness aid in the recognition 
of vertigo but are not specific to a 
particular diagnosis, although if these 
symptoms appear to be out of pro-
portion to that of dizziness, then a 

central cause of dizziness is favoured. 
Unilateral hearing loss, tinnitus and 
aural fullness also aid in the recog-
nition of vertigo, but occur much more 
commonly with specific conditions, 
such as Menière’s disease.

Associated Symptoms With 
Vestibular Migraine
In vestibular migraine, auditory 
symptoms such as bilateral tinnitus 
or aural fullness are usually minor 
and non-specific. The presence of 
marked unilateral auditory symptoms, 
however, argues strongly against ves-
tibular migraine as the sole diagnosis.

Vestibular Migraine and (Lack of) 
Headache
Headache is a cardinal feature 
of migraine, but it is important to 
remember that it is not always present 
in patients with vestibular migraine. 
Although vertigo occurring with 
headache is part of the diagnostic 
criteria for definite vestibular migraine, 
many patients with the condition never 
experience headache with their attacks, 
and some patients with otherwise 
typical vestibular migraine have 
never had clear migraine headache.17 

Furthermore, headache is not an 
uncommon accompaniment of vertigo 
that manifests as a result of other 
causes, such as Menière’s disease13 and, 
in the setting of acute severe vertigo, 
the presence of headache should raise 
the possibility of cerebellar stroke 
(infarction or haemorrhage).

Temporal Pattern
If dizziness is triggered or aggravated by 
head movement (and not just on first 
standing), it is more likely to be vertigo 
as opposed to non-vestibular dizziness. 
The main clinical significance of inves-
tigating a temporal pattern is to further 
classify the patient’s vertigo – hopefully 
leading to a specific diagnosis, such 

as BPPV, Menière’s disease or, indeed, 
vestibular migraine.

The main temporal parameters 
include whether the patient’s vertigo is:
• single or recurrent
• prolonged or brief
• spontaneous or triggered.

These three parameters combine 
to give three common syndromes of 
vertigo, classified by:
• single, spontaneous and prolonged 
episodes, lasting a duration of hours to 
days
• recurrent, spontaneous and rela-
tively prolonged episodes, lasting a 
duration of minutes to hours
• recurrent, brief episodes that are 
triggered by head movement (positional 
or positioning), lasting a duration of 
seconds to minutes (Figure).

Single, Spontaneous and Prolonged  
Episodes
Single, spontaneous and prolonged 
episodes of vertigo are often referred 
to as ‘acute vestibular syndrome’. The 
main differential diagnosis is vestibular 
neuritis (labyrinthitis and neurolaby-
rinthitis are synonyms) and cerebellar 
stroke.

Vestibular migraine is almost 
always recurrent, but because there 
must always be a first episode, a 
diagnosis of vestibular migraine 
should also be considered when there 
has been a single prolonged episode 
– once the other possibilities have 
been adequately excluded. It is always 
necessary to consider stroke in this 
clinical setting, especially when there 
is headache, even if there are no other 
neurological symptoms and signs.

Recurrent, Spontaneous and Relatively 
Prolonged Episodes
Menière’s disease and vestibular 
migraine are the main diagnostic pos-
sibilities associated with recurrent, 
spontaneous and relatively prolonged 
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episodes of vertigo. Unilateral auditory 
symptoms and/or aural fullness are 
usually present in Menière’s disease but 
rarely in vestibular migraine.13 More 
serious disorders such as vertebro-
basilar ischaemia (VBI) and acoustic 
neuroma can rarely present this way, 
but there are usually other strong 
clues to suggest their diagnosis. Other 
posterior circulation symptoms such as 
diplopia, dysarthria and paraesthesia 
can be seen in basilar migraine, but 
mandate adequate exclusion of VBI. 
Acoustic neuroma is usually associated 
with unilateral tinnitus and hearing 
loss with asymmetrical high-frequency 
loss on audiometry.

Recurrent, Brief Episodes Triggered by 
Head Movement
BPPV is markedly the most common 
disorder causing the pattern of 
recurrent, brief episodes of vertigo that 
are triggered by head movement, but it is 
not uncommon for vestibular migraine 
to present in this way also. Usually, 

BPPV is a straightforward diagnosis 
with the patient giving a clear history 
of brief rotatory vertigo triggered by 
specific head movement. Vertical head 
movements are most affected in BPPV, 
and most characteristic is vertigo 
triggered by rolling to the affected 
side in bed. In vestibular migraine, 
the presentation can be similar but is 
rarely so clear-cut. Often the triggering 
head movements are less specific, and 
the patient is sensitive to cumulative 
head movement or intolerant of head 
motion without experiencing distinct 
vertigo (head motion intolerance) and 
motion sickness. On examination, the 
Dix-Hallpike test is usually positive in 
BPPV, while in vestibular migraine the 
patient might well feel dizzy during 
this test, but often this will be to both 
sides of the head and without the 
typical nystagmus of BPPV.

Past History of Migraine
Seeking evidence of migraine in the 
patient’s past medical or family history 

is of crucial importance for reaching 
a diagnosis. A positive history does 
not prove that the patient’s current 
vertigo is migrainous, but it provides 
an important clue. Always ask the 
patient about intermittent visual 
symptoms because some patients with 
vestibular migraine may have visual 
aura without headache. Probe patients 
for details of their headache as far  
as possible because migraine headache 
in vestibular migraine can often be  
relatively mild and might be discounted 
by patients as a ‘normal’ headache.

When to Suspect Vestibular 
Migraine

Specific scenarios that raise suspicion 
of vestibular migraine include:
• a mix of spontaneous and posi-
tional vertigo (ie, vertigo that does 
not fit neatly into the above temporal 
syndromes) – Menière’s disease usually 
only causes spontaneous vertigo and 
BPPV only positional vertigo
• a very long history of vertigo 
without any definite diagnosis being 
reached – causes of vertigo other than 
vestibular migraine are uncommon in 
childhood and usually declare them-
selves in years, if not months
• a past diagnosis of Menière’s 
disease but with no clear presence 
of unilateral auditory features – in 
practice, Menière’s disease can often be 
overdiagnosed and vestibular migraine 
underdiagnosed
• a past diagnosis of prolonged or 
recurrent BPPV but no definitively 
positive Dix-Hallpike test and no clear 
response to particle repositioning – 
BPPV is usually an easy diagnosis to 
make with the Dix-Hallpike test, and 
patients usually respond very well to 
standard treatment
• recurrent vertigo that is not typical 
rotatory vertigo.

Figure.

The left side of the figure indicates the three main temporal vertigo syndromes. The centre indicates the differential 
diagnosis for each. Vestibular migraine should be considered for each of the three syndromes. It most commonly 
presents as recurrent spontaneous vertigo of any duration and next most commonly as brief recurrent positional 
vertigo.

Temporal profile Differential diagnoses

Single, spontaneous and prolonged episode
Days to weeks 

Recurrent, spontaneous and 
relatively prolonged episodes 
Minutes to hours

Recurrent, brief episodes 
Seconds to minutes

Vestibular neuritis
Cerebellar stroke

Menière’s disease
Vertebrobasilar ischaemia

Benign paroxysmal
positioning vertigo

Consider
vestibular
migraine
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Migraine and Anxiety

Chronic vertigo (particularly if 
unpredictable) is often complicated 
by anxiety. To confuse matters, anxiety 
may also cause dizziness and vertigo. 
Careful and sympathetic history 
taking is often required to explore 
whether anxiety is the cause or the 
effect of a patient’s vertigo, and even 
then it is not always possible to be 
sure. It is sometimes practical to think 
of vestibular migraine and vertigo 
that are due to anxiety as ‘migraine–
anxiety-related vertigo’18 because both 
can be inextricably linked and have 
overlapping treatment strategies.

Investigations

Vestibular migraine is a protean and 
controversial disorder that is a diagnosis 
of exclusion. As such, some investigation 
is usually required. Where practical, 
it is generally prudent to perform a 
basic inner ear assessment (audiometry 
and vestibular function tests where 
available) and some form of brain/ear 
imaging (usually magnetic resonance 
imaging [MRI], but a high quality 
computed tomography is acceptable in 
more straightforward cases).

For a diagnosis of vestibular 
migraine, all standard clinical 
investigations should be normal 
or show incidental or age-related 
abnormalities, such as symmetrical 
high-frequency hearing loss. Non-
specific white matter lesions are 
more common in migraine sufferers 
generally and can cause diagnostic 
confusion and patient concern. Such 
MRI findings require careful consid-
eration, usually by a neurologist, and 
often require a follow-up scan for reas-
surance. In most cases, such findings 
should not rule out a diagnosis of ves-
tibular migraine or prevent a trial of 
migraine therapy.

Management

Good management of vestibular 
migraine rests unequivocally on good 
communication. The patient needs to 
understand the basis on which the 
diagnosis is made and also that it 
remains a provisional diagnosis, and 
one that might be disputed by other 
doctors. The treating doctor must be 
able to tell the patient that he or she has 
done enough to rule out the ‘sinister’ 
disorders that so many patients with 
vertigo worry about, such as tumour 
and stroke. In some patients with 
milder vestibular migraine, providing 
a diagnosis and such reassurance is 
all that is required. Other patients, 
generally with more severe or frequent 
attacks, will require further treatment.

Currently, there is almost no 
high-quality scientific evidence to 
guide therapy in vestibular migraine. 
However, clinical experience and 
the limited scientific evidence that 
is available indicate that the skills 
acquired in managing migraine 
headache can be transferred to 
managing vestibular migraine, and 
with good results.19 Thus, the main 
aspects of treatment are lifestyle mod-
ification (including avoiding specific 
triggers), treatment of acute episodes, 
and preventive treatment.

Lifestyle Modification
There are numerous lifestyle factors 
that can influence the occurrence of 
any type of migraine, including ves-
tibular migraine. Stress, sleep, diet and 
alcohol are among the almost endless 
factors that can be incriminated in trig-
gering migraine. A patient symptom 
diary can be a useful mechanism for 
increasing awareness of such individual 
triggering factors. For some patients, 
however, there are no obvious trig-
gering factors, and blanket lifestyle 

restrictions do not necessarily further 
the aim of improving patient quality 
of life. In the specific case of vestibular 
migraine, motion is a common trigger 
that can only be modified through 
unacceptably limiting the patient’s 
normal daily activities.

Acute Therapy
Standard therapy for acute vertigo and 
nausea, such as prochlorperazine and 
antihistamines such as promethazine, 
is usually applied to patients with 
vestibular migraine. The use of rectal 
prochlorperazine for severe attacks 
with vomiting can avoid the need for 
parenteral therapy. Zolmitriptan has 
shown some benefit in a small ran-
domized trial, but in current clinical 
practice specific acute migraine therapy 
is not commonly used.20

Prophylactic Therapy
Many patients require some form of 
migraine prophylaxis to reduce the 
frequency and severity of attacks. 
There is no agent that works every 
time (success rate is about 60% for 
most agents) or that is consistently 
well tolerated. A process of ‘trial and 
error’ should be adopted with a good 
level of communication, so that the 
patient has a role in choosing a par-
ticular agent as well as a reasonable 
understanding of what to expect. The 
approach is usually a slow and cautious 
introduction of any agent, starting with 
a low dose and waiting about 2 to 
4 weeks before adding further small 
incremental increases in dose until 
one of three results is achieved: good 
symptomatic response; troubling side 
effects; or maximum dose reached.

There are many preventive agents 
to choose from, and GPs should be 
familiar with a few of these, some of 
which are used off-label (Table). Some 
of the agents that are considered first-
line in Australia include pizotifen, 
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β-blockers (often propranolol or meto-
prolol) and tricyclic antidepressants 
(especially amitriptyline, dothiepin 
and nortriptyline). Other agents 
that are reasonably commonly used 
include anticonvulsants (especially 
sodium valproate and topirimate) 
and calcium antagonists (especially 
verapamil).21 The duration of therapy 
depends on many factors once a 
response is achieved, but generally, if 
the treatment response is particularly 
good then often a dose reduction can 
be trialled after 3 to 6 months.

Betahistine is not considered a 
migraine preventive and is most often 
used as a symptomatic treatment 
for vertigo or for Menière’s disease. 

Treatment with betahistine is simple 
and safe, and clinical experience 
suggests that it can also help patients 
with vestibular migraine, with dosage 
ranging between 8 mg daily and 
(rarely) as high as 32 mg twice daily.

Non-prescription Therapy
Many patients with vestibular migraine 
are young women who are particularly 
averse to weight gain as a side effect 
of treatment (which can be common, 
especially when taking pizotifen, anti-
depressants and sodium valproate). 
Such women generally view pre-
scription medication as a last resort. 
There are a number of non-prescription 
agents that have shown some efficacy 

in patients with migraine headache 
in randomized controlled trials. These 
include riboflavin (about 200 mg, twice 
daily), magnesium aspartate (500 mg, 
daily), the medicinal herb feverfew 
(Tanacetum parthenium) and the plant 
extract butterbur (Petasites hybridus). 
Riboflavin, magnesium aspartate and 
feverfew have been used often in the 
author’s practice and have obtained 
some gratifying responses, occasionally 
in patients who have failed a number of 
prescription preventive agents. There is 
also a definite role for vestibular reha-
bilitation and psychological therapy 
in patients with chronic vertigo, par-
ticularly in whom anxiety and loss of 
confidence supervene.

Table. Examples of prophylactic therapeutic options for vestibular migraine

Medication Usual dosage Common side effects Serious side effects Comments

Pizotifen 0.5 mg to 2.5 mg 
nightly

Sedation, weight gain Very safe –

Propranolol 10 mg daily to 40 mg 
twice daily

Low blood pressure, 
fatigue, constipation

Exacerbation of asthma, 
bradyarrhythmia, depression

The most studied β-blocker

Metoprolol 25 mg daily to 50 mg 
twice daily

Low blood pressure, 
fatigue, constipation

Exacerbation of asthma, 
bradyarrhythmia, depression 
(but to a lesser extent than 
propranolol)

Better tolerated β-blocker (eg, compared 
with propranolol)

Amitriptyline* 10 mg to 100 mg 
nightly

Sedation, dry mouth, 
blurred vision

Tachyarrhythmia, urinary 
retention

The most studied tricyclic antidepressant

Nortriptyline* 10 mg to 75 mg nightly As for amitriptyline but to 
a lesser extent

As for amitriptyline but to a 
lesser extent

Better tolerated tricyclic antidepressant 
(eg, compared with amitriptyline)

Dothiepin* 25 mg to 150 mg 
nightly

As for amitriptyline but to 
a lesser extent

As for amitriptyline but to a 
lesser extent

Better tolerated tricyclic antidepressant 
(eg, compared with amitriptyline)

Sodium valproate* 100 mg nightly to 500 
mg twice daily

Weight gain, sedation, 
dizziness, gastrointestinal 
upset, tremor

Hepatic damage (very rare) Teratogenic

Topiramate 25 mg to 100 mg 
nightly

Paraesthesia, weight loss, 
speech problems, and 
difficulty with memory

Kidney stones, acute glaucoma, 
depression or personality 
change

PBS authority required (streamlined)

Betahistine 8 mg daily to 32 mg 
twice daily

Gastrointestinal upset, 
headache

Very safe Private script

*Off-label use. However, these agents and the doses suggested are commonly used in clinical practice for the prophylactic treatment of migraine.
PBS = Pharmaceutical Benefits Scheme.
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Key points
•  Vestibular migraine is one of the most 
common causes of vertigo but the diagnosis is 
still controversial in some circles.

•  Vestibular migraine is a protean disorder 
and should be considered whenever the 
clinical features of vertigo are not absolutely 
typical of an alternative diagnosis.

•  Although there can be strong clinical 
clues pointing to it, vestibular migraine is a 
diagnosis of exclusion.

•  If the patient presents with unilateral or 
asymmetrical hearing loss or tinnitus, then 
a diagnosis of vestibular migraine should be 
questioned.

•  Treatment with a migraine preventive agent 
is usually effective and can determine the 
diagnosis.

Role of the GP in Managing 
Vestibular Migraine

Most patients with suspected vertigo 
should be seen by an appropriate spe-
cialist at least once, although the role 
of the GP is crucial at every stage of 
management. The GP can also start 
the process of excluding other causes 
of vertigo with judicious testing and 
can ‘plant the seed’ that migraine can 
be a cause of vertigo. Initiating therapy 
in general practice is reasonable and 
can facilitate an early diagnosis as well 
as potentially helping the patient to 
recover sooner.

Perhaps most important for 
managing vestibular migraine is imple-
menting the ‘trial and error’ approach 
to therapy. This includes monitoring 
for side effects and benefit, switching 
treatment to a new agent if the past 
therapy has failed, and ensuring that 
an active approach to management is 
maintained.

Urgent referral to hospital is 
required when the patient is too 
unwell to manage at home or in the 
surgery, or when there is a significant 
risk that the patient has experienced 
a stroke – this includes many patient 
with a single prolonged episode of 
spontaneous vertigo.

Conclusion

If vestibular migraine is looked for 
in general practice, it will be found. 
Generally, in cases where the clinical 
features are suggestive of vestibular 
migraine, the investigations will be 
normal, and the patient’s response to 
migraine therapy will be good. By rec-
ognizing vestibular migraine when it 
is present, clinicians can now provide 
a significant group of patients with 
receive a clear diagnosis and effective 
treatment. In the past, such patients 
often had neither and were instead left 
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CME Questions

This continuing medical education service is brought to you by the Medical Progress Institute, an institute 
dedicated to CME learning. Read the article ’Vertigo and Migraine: ’How Can It Be Migraine If I Don’t 
Have a Headache?’’ and answer the following questions.  Answers are shown at the bottom of this page.

Please answer True or False to the questions below.
  True False

  

CME Questions

1. Migraine is a brain disorder with a strong genetic component.

2. The incidence of migraine and vertigo is equal in the general population.

3. Vertigo can be caused by vestibular migraine.

4. Diagnosis of vestibular migraine is based on clinical pattern, exclusion of other disorders, and 
response to migraine prophylactic therapy.

5. Menière's disease and benign paroxysmal positioning vertigo are uncommon in migraine.

6. Nausea, vomiting, hearing loss, tinnitus, aural fullness and unsteadiness are the main 
symptoms associated with vertigo.

7. Chronic vertigo can cause anxiety, and vice versa.

8. Non-specific white matter lesions in brain magnetic resonance imaging can rule out the 
diagnosis of vestibular migraine.

9. β-Blockers, pizotifen, tricyclic antidepressants, anticonvulsants and calcium antagonists are 
considered the therapies of last resort.

10. Non-prescription agents such as riboflavin, magnesium aspartate, feverfew herb and butterbur 
plant extract can be useful in some patients. 

Answers: 1. T; 2. F; 3. T; 4. T; 5. F; 6. T; 7. T; 8. F; 9. F; 10. T

CME Article:
Vertigo and Migraine: ‘How Can It Be Migraine If I Don’t Have a Headache?’

❏	 ❏

❏	 ❏

❏	 ❏

❏	 ❏

	

❏	 ❏

❏	 ❏	

❏	 ❏

❏	 ❏	

❏	 ❏	

❏	 ❏
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Table. Glycaemic targets for type 2 diabetes in Australia1,2

No diabetes 
(healthy)

Diabetes ideal NHMRC

HbA1C (%) Below 6.0 Below 7 Below 7

Fasting blood glucose (mmol/L) Below 5.5 4 to 6 6 to 8

Postprandial glucose (mmol/L) Below 7.8 6 to 10 6 to 10

NHMRC = National Health and Medical Research Council.

Continuing Medical Education Take the challenge, test your knowledge

Finding and Fixing Postprandial 

Hyperglycaemia in Type 2 Diabetes
Pat Phillips, MBBS, MA(Oxon), FRACP, MRACMA, GradDipHealthEcon(UNE)

Postprandial blood glucose levels that are above the target range can

be controlled by diet amendments, increased physical activity, oral

and injectable hypoglycaemic agents, and bolus insulins.

Most health professionals involved 
in the care of patients with type 2 
diabetes recognize the importance 
of glycaemic control in reducing 
the risk of microvascular compli-
cations and the progressive nature of 
the condition. As glycaemic control 
in these patients becomes no longer 
achievable with lifestyle modification 
and the use of non-insulin pharma-
cological agents, basal insulin therapy 
becomes necessary as well. With all 
these treatment strategies, which are 
often used in combination, there may 
be periods in the day when glucose 
levels are higher than expected; these 
times are usually after breakfast and/or 
the evening meal.

This article outlines an approach 
to finding and fixing this postprandial 
hyperglycaemia.

Finding The ‘Hypers’

Defining Postprandial Glycaemia
The postprandial blood glucose 
comprises the basal blood glucose (the 
fasting blood glucose and any daytime 
increment in this) and the prandial 
increment. The glycaemic load of the 
food eaten and the response of the 

various body tissues to endogenous or 
exogenous insulin and other hypogly-
caemic medication influence the size of 
the prandial increment.

The product of the prandial 
increment and its duration above the 
baseline blood glucose level (BGL) 
gives the full area under the curve 
and the total glycaemic response. 
Generally, postprandial glycaemia is 
assessed 2 hours after starting the meal 
(ie, ‘after picking up the knife, fork or 
spoon’).

The glycaemic targets used in 
Australia are summarized in the 
Table.1,2 Values are given for glyco-
sylated haemoglobin (HbA1C), which 
reflects the average BGL over several 

weeks, for fasting and other pre-
prandial BGLs and for postprandial 
BGL.

Postprandial hyperglycaemia can 
be caused by a high preprandial value 
and/or a high prandial increment. 
Figure 1 illustrates the contributions 
of preprandial glycaemia and the 
prandial increment to postprandial 
glycaemia in different degrees of 
glycaemic control (ie, within target 
ranges or not). As shown in this figure:
• if the preprandial value is within 
target and the prandial increment is 
not high, the postprandial value is 
likely to be within the target range 
(Figure 1a)
• if the preprandial value is above 
target but the prandial increment is not 
high, the postprandial value is likely to 
be high (Figure 1b)
• if the preprandial value is within 
target but the prandial increment is 
high, the postprandial value is likely to 
be high (Figure 1c)
• if both the preprandial value and 
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Figure 1. Contribution of preprandial glycaemia and prandial increment to postprandial glycaemia. 

a.  Preprandial blood glucose level (BGL) within target 
Prandial increment not high

b.  Preprandial BGL above target 
Prandial increment not high

c.  Preprandial BGL within target 
Prandial increment high

d.  Preprandial BGL above target 
Prandial increment high

PRE- AND POSTPRANDIAL GLYCAEMIA

a. A preprandial blood glucose level (BGL; at 0 hours; 5 mmol/L) within target (4 to 6 mmol/L) and a prandial increment (3.5 mmol/L) that is not high results in a postprandial 
BGL (at 2 hours; 8.5 mmol/L) within the target range (6 to 10 mmol/L). b. A preprandial BGL (7 mmol/L) above target and a prandial increment (3.5 mmol/L) that is not 
high results in a postprandial BGL (10.5 mmol/L) above target. c. A preprandial BGL (5 mmol/L) within target and a high prandial increment (5.5 mmol/L) results in a high 
postprandial BGL (10.5 mmol/L). d. A high preprandial BGL (7 mmol/L) and a high prandial increment (5.5 mmol/L) results in a very high postprandial BGL (12.5 mmol/L).
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the prandial increment are high, the 
postprandial value is likely to be very 
high (Figure 1d).

Assessing Postprandial Glycaemia
Checking a postprandial BGL without 
considering the preprandial BGL can, 
unsurprisingly, underestimate the con-
tribution of preprandial glycaemia to 
postprandial glycaemia.3

The guiding rule should be ‘Don’t 
check postprandial blood glucose 
before you know preprandial blood 
glucose.’

Assuming the important pre-
prandial blood glucose values before 
breakfast and the evening meal are 
under control (in the range 4 to 
6 mmol/L), the likely time for the 
‘hypers’ – episodes of high levels of 
blood glucose – are after breakfast (ie, 
before lunch) and/or after the evening 
meal (ie, before bed). Blood glucose 
monitoring can identify adequate 
blood glucose control before breakfast 
and the evening meal, respectively. 
Postprandial hyperglycaemia after 
breakfast (around midday) and after 
the evening meal can then be iden-
tified. Patients should confirm the 
pattern because a single high post-
prandial BGL does not necessarily 
identify a problem, as the prandial 
glucose response is variable.

Fixing the ‘Hypers’ – Lifestyle 
Strategies

Review Glycaemic Load
The assistance of a diabetes dietitian 
can be useful when reviewing a patient’s 
diet with regard to managing his or her 
diabetes. A dietitian can identify the 
probable dietary cause of postprandial 
hyperglycaemia that occurs despite pre-
prandial glycaemia being on target. It 
may be that the main carbohydrates 
being eaten are high glycaemic foods, 

that too much carbohydrate is being 
eaten, or that other techniques of prep-
aration, cooking or serving would be 
more appropriate.4

The essential  principles of 
glycaemic index (GI), glycaemic load, 
and glycaemic response are
• the GI reflects the glycaemic 
response to that food compared with 
a standard carbohydrate (usually pure 
glucose or white bread)
• the glycaemic load equals the 
amount of carbohydrate eaten mul-
tiplied by its GI
• the glycaemic response to a par-
ticular food varies considerably within 
and between individuals and between 
meals.4,5

Patients might not be prepared to 
change the amount of carbohydrate 
eaten but they (or their cooking 
partner) may be prepared to change 
the particular type of carbohydrate and 
its method of preparation, cooking or 
serving. Alternatively, it may be more 
practical to redistribute the amount 
of carbohydrate eaten more equally 
between the three or more meals.

Review Activity Level
Some people with diabetes believe that 
they can ‘walk off’ a meal. It is true that 
a long brisk walk will increase muscle 
demand for glucose and also the 
muscles’ response to prevailing hypo-
glycaemic medication and insulin, but 
this is not the whole story.

In people without diabetes, 
physical activity causes an initial 
increase in blood glucose as the sym-
pathetic nervous system increases 
hepatic glucose output. Insulin 
secretion in response to the increased 
blood glucose prevents any ‘overswing’ 
to hyperglycaemia. As activity pro-
gresses, the insulin level decreases, 
allowing further hepatic glucose 
output and the maintenance of 
normoglycaemia.

In people with diabetes, the initial 
increase and the normal response 
to continued activity are disturbed 
because the insulin levels cannot be 
regulated. People with diabetes have 
a biphasic glycaemic response to 
exercise6:
• there is an initial increase in blood 
glucose as hepatic glucose output 
increases excessively because insulin 
levels do not increase
• with continuing activity in those 
taking sulfonylureas or using insulin, 
blood glucose progressively decreases 
because insulin levels do not decrease.

Many people expect that their 
blood glucose will be lower after 
walking than before and are dis-
concerted when they find that their 
blood glucose has gone up and not 
down. This could be because the 
BGL increase from the meal exceeds 
the BGL decrease from exercise and 
medications.

Walking at a comfortable pace 
is very efficient in terms of distance 
travelled for energy consumed, and 
only a small amount of glucose is 
used during the usual 20-minute 
stroll around the block or to the park. 
Walking briskly, jogging and sprinting 
are less efficient.

As a rough rule, energy use in 
calories (1 calorie [cal] = 1 kilocalorie 
[kcal] or 1,000 calories, and 4.2 kilo-
joules [kJ] or 4,200 joules [J]) above 
resting levels can be ‘guesstimated’ 
as 0.5 × body weight (kg) × distance 
walked (km) = energy used (cal).

For example, a man weighing 80 kg 
who strolled at 5 km/h for 20 minutes 
would use 0.5 × 80 × (20/60 × 5) = 
67 cal. Taking the energy content of 
glucose as 4 cal per gram, if glucose 
were the only fuel, this man would use 
17 g of it walking at this speed for this 
length of time. This is the equivalent of 
slightly more than one slice of bread, 
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which contains about 15 g of carbo-
hydrate per slice.

Walking faster and longer, such as 
for 60 minutes at a speed of 7.5 km/h, 
could help glucose disposal but most 
people do not walk this fast or for this 
long (and often cannot).

On the positive side, however, it 
is undeniable that while a patient is 
walking, he or she is not slumped in 
front of the television and consuming 
snacks and soft drinks. Also, people 
who are regular walkers may be more 
aware of healthy foods that are low in 
energy density and GI, and may try to 
limit their total food intake.

Fixing the ‘Hypers’ – 
Pharmacological Strategies

Oral Non-insulin-based 
Hypoglycaemic Agents
Three classes of oral hypoglycaemic 
agents specifically target the prandial 
increase in blood glucose. They do this 
by different but potentially comple-
mentary mechanisms.

Alpha-Glucosidase Inhibitors
Acarbose reversibly inhibits the 
enzymes that break down carbo-
hydrate (the alpha-glucosidases). This 
slows carbohydrate digestion and, in 

effect, lowers the GI of the carbo-
hydrate consumed. The same amount 
of carbohydrate is eventually digested 
and absorbed but over a longer time, 
blunting the prandial glycaemic 
increase.

Acarbose is taken before or at the 
start of the meals at which its effect is 
needed. It should be started at a low 
dose (eg, 25 mg/day, ie, half a 50-mg 
tablet) and the dosage should be 
increased slowly (weekly) to minimize 
the otherwise common problems of 
bloating and flatulence. Its use does 
not greatly increase the medication 
burden or cost (a 50-mg tablet is only 
53 cents, and a 100-mg tablet only 72 
cents).

Glitinides
Repaglinide, a non-sulfonylurea 
insulin secretagogue, acts like a very 
short-acting sulfonylurea. Taken just 
before the meal, repaglinide is rapidly 
absorbed and transiently increases pan-
creatic insulin secretion. This reduces 
hepatic glucose output and increases 
peripheral glucose uptake. Repaglinide 
is rapidly cleared and is less likely to 
cause hypoglycaemia or weight gain 
than a sulfonylurea (glibenclamide, 
gliclazide, glimepiride or glipizide). 

“The guiding principle is 
that all hypoglycaemic 

therapy, including insulin, 
should fit the patient’s 

lifestyle and not  
vice versa”

There are currently three classes of oral 
non-insulin-based hypoglycaemic agents.
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Repaglinide can be used in the same 
way as acarbose – starting low and 
going slow. It is not reimbursed by the 
Pharmaceutical Benefits Scheme (PBS). 

If a sulfonylurea is being taken, 
repaglinide will have little or no extra 
effect. Therefore, as most patients 
with diabetes are taking sulfonylureas, 
it is not used widely. It can, however, 
be useful in those patients not on a 
sulfonylurea but taking other oral 
hypoglycaemic agents or using insulin.

Glucagon-like Peptide Enhancers –  
the Dipeptidyl Peptidase-4 Inhibitors
Saxagliptin, sitagliptin and vildagliptin 
are the currently available dipeptidyl 
peptidase 4 (DPP-4) inhibitors 
in Australia. Each can be used with 
metformin or a sulfonylurea or the 
thiazolidinedione pioglitazone as an 
adjunct to diet and exercise, and each 
is subsidized by the PBS (authority 
required) for use as dual therapy with 
metformin or a sulfonylurea for the 
treatment of type 2 diabetes.

Glucagon-like peptide (GLP), an 
incretin produced in the lower part of 
the small intestine, has a wide range 
of potentially useful actions in type 2 
diabetes. These include increasing pan-
creatic beta cell insulin secretion in a 
glucose-dependent manner, decreasing 
pancreatic alpha cell glucagon 
secretion, slowing gastric emptying, 
and increasing satiety. The ‘gliptins’ 
inhibit the breakdown of GLP, thereby 
prolonging its effects. The actions 
relating to secretion of insulin and 
glucagon are generally thought to be 
responsible for the therapeutic effect of 
the gliptins: increased insulin secretion 
decreases hepatic glucose output and 
increases peripheral glucose use, and 
decreased glucagon secretion further 
reduces hepatic glucose output.

Sitagliptin (usually 100 mg) 
is given as a once-daily dose. 

Formulations combining sitagliptin 
and metformin are available, with 
different strengths of metformin. These 
are generally administered twice daily, 
providing 100 mg of sitagliptin and 1, 
1.7 or 2 g of metformin per day.

Vildagliptin is given as either a 
single morning dose (50 mg) or two 
divided doses (100 mg) if prescribed 
with metformin or pioglitazone. If 
prescribed with a sulfonylurea, it is 
given as a single morning dose (50 
mg). Monitoring of liver function 
is required with use of vildagliptin. 
Formulations combining vildagliptin 
and metformin are also available, and 
are generally administered twice daily, 
providing 50 mg of vildagliptin and 1, 
1.7 or 2 g of metformin per day.

Saxagliptin (5 mg, once daily) is 
used as add-on combination therapy 
with metformin, pioglitazone or a sul-
fonylurea. It can also be used as initial 
combination therapy with metformin 
when it is likely that response to 
metformin alone will be poor.

Figure 2. Pharmacokinetics of analogue bolus insulins and neutral insulin. 

Bolus insulin analogues – pros 
and cons

Pros compared with neutral insulin

• Inject when eating

• Less hypoglycaemia than with neutral 
insulin

• Better postprandial glycaemic control than 
with neutral insulin

Cons compared with neutral insulin

• Need to eat promptly after injection

• Possible insulin ‘run out’ before next meal

• Need adequate carbohydrate in meal

Injectable Non-insulin-based 
Hypoglycaemic Agents

Glucagon-like Peptide Agonists –  
or Mimetics
In contrast to the GLP enhancers that 
inhibit the degradation of endogenous 
GLP, the GLP agonists act as analogues 
and mimic its action. Both exenatide 

Analogue bolus insulins cause an earlier and higher peak insulin level and a shorter overall duration than 
traditional bolus insulin preparations – ‘twice Cmax, half Tmax’.
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“Call-out”

and liraglutide reduce preprandial, 
prandial and postprandial glycaemia. 
They are used as adjunctive therapy 
with metformin or a sulfonylurea, or 
a combination of metformin and a 
sulfonylurea, and are administered 
by subcutaneous injection, liraglutide 
once daily and exenatide twice daily.

Exenatide is subsidized by the PBS 
(authority required) for use as dual 
combination therapy with metformin 
or a sulfonylurea and triple com-
bination with metformin and a 
sulfonylurea for the treatment of type 
2 diabetes.

Insulin
When lifestyle and non-insulin 
strategies are not successful, possible 
or acceptable, preprandial bolus 
insulin can be used to reduce prandial 
glycaemia at one or more meals. Pre-
prandial blood glucose should be on 
target (ideally 4 to 6 mmol/L) before 
any prandial hypoglycaemic medi-
cation, including insulin, is added.

Choosing the Bolus Insulin
The basal insulin and the insulin 
injector already being used often guide 
the selection of the type and brand of 
bolus insulin to use. Some health pro-
fessionals prefer to prescribe the same 
brand and injector because patients are 
familiar with the injector whereas others 
prefer a different brand and injector to 
reduce the risk of patients confusing the 
basal and bolus insulins and giving the 
wrong dose of the wrong insulin. These 
mistakes are less of a problem with 
the intermediate-acting traditional basal 
insulins, isophane insulin (human), 
as these are cloudy and therefore less 
likely to be confused with the clear 
bolus insulins (the quick-acting tra-
ditional bolus insulin neutral insulin 
[human], and the very quick-acting 
bolus analogues aspart, glulisine and 

lispro). The long-acting analogue basal 
preparations detemir and glargine are 
clear, like the bolus insulins.

Both neutral insulin and analogue 
bolus insulins have pros and cons (see 
the box on page 569).7 The analogue 
bolus insulin preparations dissociate 
more quickly than neutral insulin 
and cause an earlier and higher peak 
insulin level and a shorter overall 
duration. These pharmacokinetic char-
acteristics are summarized as ‘twice 
Cmax, half Tmax’ (Figure 2).

The potential advantages of bolus 
analogue insulins may cause problems 
in some patients, particularly:
• the rapid onset and high peak is 
more likely to cause hypoglycaemia if 
inadequate amounts of carbohydrate 
are eaten or the meal is delayed
• the rapid offset may mean that the 
insulin levels before the next meal 
are inadequate to control interprandial 
hyperglycaemia, but increasing the 
bolus dose may cause postprandial 
hypoglycaemia.

The pharmacokinetics of neutral 
insulin cause different problems:
• the slower onset and lower peaks 
can result in early postprandial hyper-
glycaemia
• the long duration can cause later 
hypoglycaemia between that meal and 
the next one.

In summary, the analogue bolus 
insulins may control postprandial 
glycaemia better than the quick-
acting traditional bolus insulin, but 
they may ‘run out’ before the next 
meal, causing interprandial hypergly-
caemia. Conversely, neutral insulin 
may control interprandial glycaemia 
better but may cause interprandial 
hypoglycaemia.

Using the Bolus Insulin
Once the type, brand and injecting device 
of the bolus insulin have been decided, it 
is important that the patient understands 
the principles of using bolus insulin 
(to reduce the blood glucose increase 
following the meal) and the practicalities 
of its use. A diabetes educator or an 
appropriately trained practice nurse could 
explain the likely times and symptoms of 
hypoglycaemia, the potential of weight 
gain if more food is eaten between meals 
because of excess hunger associated with 
hypoglycaemia, and the need for a bolus 
dose to be changed if the type and/or 
amount of carbohydrate eaten or activity 
undertaken change.

The guiding principle is that all 
hypoglycaemic therapy, including 
insulin, should fit the patient’s lifestyle 
and not vice versa. Significantly 
changing the composition or timing of 
meals to suit the profile of the bolus 

Basal insulin therapy becomes necessary 
when glycaemic control becomes no longer 
achievable with lifestyle and non-insulin strategies.
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Key points
• Postprandial hyperglycaemia can be 
caused by a high preprandial value and/or a 
high prandial increment.

• The preprandial value should be on 
target before checking postprandial values.

• The current recommended postprandial 
blood glucose level targets in Australia are 6 
to 10 mmol/L.

• If glycaemia before breakfast and the 
evening meal is controlled by basal insulin, 
any high values of blood glucose (‘hypers’) 
are likely to be caused after breakfast (ie, 
before lunch) and/or after the evening meal 
(ie, before bed).

• Strategies to control postprandial 
hyperglycaemia include lifestyle measures 
(diet and physical activity), non-insulin 
hypoglycaemic strategies (oral and 
injectable hypoglycaemic agents) and bolus 
insulins.

• The guiding principle is that 
hypoglycaemic therapy should not require 
changes in lifestyle that are not achievable 
or acceptable for the patient.

insulin is not only inconvenient and 
burdensome for the patient but can 
affect other people who are eating that 
meal.

A recommended safe and simple 
guide to the use of bolus insulin is 
to start with 10% of the total basal 
insulin dose and to increase or 
decrease the bolus insulin dose in 
10–20% increments depending on 
whether the postprandial BGL is close 
to target (a 10% increase) or well off 
the target (a 20% increase). Some 
patients take charge of titrating the 
bolus insulin by checking that their 
preprandial BGL is on target and then 
reviewing repeated measures of post-
prandial BGL (eg, 2 to 4 hours after 
starting the meal).

Summary

Postprandial hyperglycaemia can be 
caused by a high preprandial value and/
or a high prandial increment, and it is 
important to ensure that preprandial 
BGLs are on target before checking 
postprandial values. The current rec-
ommended postprandial BGL targets 
in Australia are 6 to 10 mmol/L. If 
glycaemia before breakfast and the 
evening meal is controlled by basal 
insulin, any high values of blood 
glucose (‘hypers’) are likely to be caused 
after breakfast (ie, before lunch) and/or 
after the evening meal (ie, before bed).

Dietary measures that help control 
postprandial ‘hypers’ include a change 
in the amount or type of carbohydrate 
consumed at that meal and reviewing 
the preparation, cooking and serving 
of the meal. Increasing postprandial 
activity can increase muscle glucose 
uptake, particularly if the activity is 
more than a gentle stroll and for more 
than 10 to 20 minutes.

Non- insul in  hypoglycaemic 
strategies include oral hypoglycaemic 
agents (acarbose, repaglinide and the 

GLP enhancers – the gliptins) and the 
injectable GLP mimetics (exenatide 
and liraglutide). Acarbose and repa-
glinide are given at the relevant meal 
whereas the GLP agents are given once 
or twice daily.

The choice between neutral 
insulin and analogue bolus insulin 
preparations is guided by their phar-
macokinetics and/or the convenience 
and usability of the insulin injector. 
The analogue bolus insulins reach a 
higher peak than neutral insulin and 
may control postprandial glycaemia 
better. However, they may ‘run out’ 
before the next meal, causing inter-
prandial hyperglycaemia. Neutral 
insulin may control interprandial 
glycaemia better but may cause inter-
prandial hypoglycaemia. A safe 
starting dose of bolus insulin is 10% 
of the basal insulin dose with further 
increases of 10–20% in the bolus 
insulin dose, depending on the level of 
postprandial hyperglycaemia.

The guiding principle is that 
hypoglycaemic therapy should not 
require changes in lifestyle that are 
not achievable or acceptable for the 
patient.
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CME Questions

This continuing medical education service is brought to you by the Medical Progress Institute, an institute 
dedicated to CME learning. Read the article ’Finding and Fixing Postprandial Hyperglycaemia in Type 2 
Diabetes‘ and answer the following questions.  Answers are shown at the bottom of this page.

Please answer True or False to the questions below.
  True False

  

CME Questions

1. Postprandial hyperglycaemia can be caused by a high preprandial value and/or a high prandial 
increment.

2. The preprandial value is irrelevant when checking postprandial values.

3. Recommended postprandial blood glucose level targets in Australia are 6–10 mmol/L.

4. Episodes of high blood glucose levels are likely to occur before breakfast and before dinner.

5. Lifestyle measures, oral and injectable hypoglycaemic agents, and bolus insulins are strategies 
to control postprandial hyperglycaemia.

6. Hypoglycaemic therapy should not require patients to make unachievable or unacceptable 
lifestyle changes.

7. Glycaemic control is important in reducing the risk of microvascular complications and 
diabetes progression.

8. Acarbose upregulates enzymes that break down carbohydrate.

9. Acarbose should be taken after meals.

10. Glucagon-like peptide agonists mimic glucagon-like peptides.

 

CME Article:
Finding and Fixing Postprandial Hyperglycaemia in Type 2 Diabetes

Answers: 1. T; 2. F; 3. T; 4. F; 5. T; 6. T; 7. T; 8. F; 9. F; 10. T

❏	 ❏	

❏	 ❏

❏	 ❏

❏	 ❏

❏	 ❏	

❏	 ❏	

❏	 ❏	

❏	 ❏

❏	 ❏

❏	 ❏
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