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Key questions

What is already known?
 ► Diabetes places an enormous economic burden on 
the global population and also has significant impact 
on productivity.

 ► The impact of diabetes on work productivity has 
been addressed adequately in the context of high- 
income countries but there is a lack of studies in low 
and lower middle- income countries, which include 
Bangladesh.

What are the new findings?
 ► Using productivity- adjusted life years (PALY), we es-
timated that 9.2 million PALYs (20.4%) were attrib-
utable to having diabetes. The loss in PALYs equated 
to a total of US$97.4 billion lost (US$16 987 per per-
son) in gross domestic product.

 ► This highlights the critical importance of health strat-
egies aimed at the control of diabetes in Bangladesh.

What do the new findings imply?
 ► This work demonstrates that diabetes prevention 
interventions are not just an opportunity to improve 
health outcomes for the Bangladeshi populace, but 
an imperative for future prosperity for the country.

AbsTrACT
Aims To estimate the impact of type 2 diabetes in terms 
of mortality, years of life lost (YLL) and productivity- 
adjusted life years (PALY) lost in Bangladesh.
Methods A life table model was constructed to estimate 
the productivity of the Bangladeshi population of current 
working age (20–59 years) with diabetes. Follow- up to 
60 years (retirement age) was simulated. The life table 
analysis was then repeated assuming that the cohort 
did not have diabetes, with subsequent improvement in 
productivity. Differences in the results of the two analyses 
reflected the impact of diabetes on health and productivity. 
Demographic and the prevalence of diabetes data were 
sourced from the International Diabetes Foundation 
estimates for 2017 and mortality data were based on 
the 2017 Global Burden of Disease study. Relative risk 
and productivity indices were based on an Indian and 
Bangladeshi study, respectively. The cost of each PALY was 
assumed to be equivalent to gross domestic product (GDP) 
per equivalent full- time worker (US$8763). Future costs 
and years of life, and PALYs lived were discounted at an 
annual rate of 3%.
results Assuming a follow- up of this population (aged 
20–59 years) until age 60 years or death, an estimated 
813 807 excess deaths, loss of 4.0 million life years (5.5%) 
and 9.2 million PALYs (20.4%) were attributable to having 
diabetes. This was equivalent to 0.7 YLL, and 1.6 PALYs 
lost per person. The loss in PALYs equated to a total of 
US$97.4 billion lost (US$16 987 per person) in GDP. The 
results of the scenario analysis showed that the estimation 
was robust.
Conclusion In Bangladesh, the impact of diabetes on 
productivity loss and the broader economy looms large, 
and poses a substantial risk to the country’s future 
prosperity. This highlights the critical importance of health 
strategies aimed at the control of diabetes.

InTroduCTIon
Diabetes is a leading cause of morbidity and 
mortality across the globe.1 2 According to 
the International Diabetes Federation (IDF), 
the cluster of low to middle- income countries 
which make up South- East Asia is home to 88 
million people (aged 20–79 years) living with 
diabetes.3 Mauritius has the highest (22.0%) 

age- adjusted diabetes prevalence in adults 
aged 20–79 years in the Region, followed 
by Sri Lanka (10.7%) and India (10.4%). 
Adults with diabetes in India, Bangladesh and 
Sri Lanka make up 98.9% of the total adult 
population with diabetes in this region.3 In 
Bangladesh, the prevalence of diabetes has 
been steadily rising, reaching 8.1 in 2019 and 
63.4% of people with diabetes have diabetes- 
related macrovascular and microvascular 
complications.3–5Compounding the problem, 
compared with Caucasian populations, 
Asian populations experience more severe 
complications and greater risk of premature 
mortality.5 6 Furthermore, diabetes develops 
at an earlier age, meaning the absolute 
burden of disease is higher among younger 
populations in Asia.7
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In addition to the direct (healthcare- related) costs 
of diabetes, the indirect costs are also significant.8 Indi-
rect costs include work productivity losses, which can 
be measured through absenteeism (workday lost due to 
illness), presenteeism (impaired function at work due 
to illness) or labour force dropout (retirement before 
the official retirement age due to illness or premature 
death).9 10 The economic impact of productivity loss 
poses a burden to individuals, society and the country as 
a whole in terms of lost income earnings, tax revenue and 
reduced gross domestic product (GDP).11 12 In 2017, an 
estimated US$89.9 billion was lost due to diabetes- related 
productivity losses in the USA, including diabetes- related 
absenteeism (US$3.3 billion), presenteeism (US$26.9 
billion), reduced labour force participation (US$37.5 
billion) and diabetes- related premature deaths (US$19.9 
billion).11 In China, a total of ¥17.4 trillion (US$2.6 tril-
lion) in lost GDP owing to reduced productivity, with an 
average of ¥307 925 (US$45 959) lost per person with 
diabetes.13 In Bangladesh in 2017, diabetes was the eighth 
highest cause of death and disability in the country.14 
Diabetes also costs Bangladesh approximately US$5.3 
billion in direct healthcare costs in 2014.15

A number of studies have examined the impact of 
diabetes on work productivity loss in high and upper 
middle- income countries,13 16 but not in low and lower 
middle- income countries. This information will inform 
investment in strategies to control diabetes and its 
complications. Thus, the aim of this study was to estimate 
the health impact of diabetes in the context of years of 
life lost, productivity- adjusted life years (PALY) lost and 
their effect on GDP16 17 in Bangladesh.

reseArCH desIgn And MeTHods
We used Microsoft Excel to assist us with curating life 
tables for the Bangladeshi population. Our analyses 
used multistate life table models, constructed for sepa-
rate sex and age (in 5 years age group) cohorts of the 
Bangladeshi population aged 20–59 years in both men 
and women, with follow- up until 60 years (retirement 
age),18 with estimation of years of life and PALYs lived. 
First, a life table model was developed to estimate these 
parameters for the Bangladeshi population of working 
age with diabetes. Then, the cohort was resimulated with 
the hypothetical assumption that subjects did not have 
diabetes thereby improving mortality, labour force partic-
ipation and relative productivity (see below). The differ-
ences between the two cohorts in terms of total years of 
life and PALYs lived reflect the impact of diabetes. The 
key model inputs and their data sources are shown in 
online supplementary EMS table 1. The WHO standard 
3% annual discount rate was applied to all future years of 
life and PALYs lived.19

Population and mortality rates
The demographics of the model population were profiled 
using IDF estimates for 2017.4 Data regarding diabetes 

prevalence, stratified by sex and 5 years age group, were 
also derived from the 2017 IDF Diabetes Atlas.4 Sex and 
age- specific mortality data for 2017 were retrieved from 
the Institute for Health Metrics and Evaluation- Global 
Health Data Exchange database.20 Since there were 
no mortality rates in Bangladesh, age and sex- specific 
mortality data for 2017 were extrapolated from the 
Chennai Urban Rural Epidemiology Study-150.21 These 
were attributed to those with and without diabetes based 
on age and sex- specific diabetes prevalence and the rela-
tive risk of all- cause mortality associated with diabetes 
in Bangladeshi populations. Based on an assumption 
that the mortality rate for a 5 years age group applied to 
people in the midpoint of that age band, mortality rates 
for age in single years were derived using exponential 
functions (online supplimentary EMS table 2). Temporal 
trends in population mortality across the model time 
horizon were projected using the average annual propor-
tional reduction in adult mortality in Bangladesh (1.0% 
per year) from the United Nations World Population 
Prospects (UN WPP) forecast.22 Estimated annual age 
and sex- specific mortality rates were applied to the model 
in yearly cycles, with deaths assumed to have occurred at 
the midpoint of the year.

Labour force participation
Sex and age- specific labour force participation in Bangla-
desh was sourced from the International Labour Organi-
zation (ILO) estimates for 2017.23 Labour force participa-
tion was lowest in men aged 20–24 years (74.5%) and in 
women aged 55–59 years (30.7%). The participation was 
highest in men aged 30–34 years (97.9%) and in women 
aged 35–39 years (49.2%).

Productivity indices
Diabetes- related productivity loss was quantified in terms 
of productivity indices, which reflect relative work produc-
tivity impairment, and range from 0 (entirely unproduc-
tive) to 1 (entirely productive).16 17 Productivity indices 
were derived from estimates of labour force participation 
and absenteeism in people with diabetes compared with 
those without.24 Diabetes- related labour force dropout 
was expressed as labour force participation percentage 
shortfall, and ranged from 7.0% in women and 5.2% in 
men with diabetes aged 20–29 years to 12.8% in women 
and 8.3% in men with diabetes over 40 years.24 These 
relative reductions were applied to the 2017 ILO sex and 
age group- specific population labour force participa-
tion rates to estimate labour force participation in those 
with and without diabetes. All workers were assumed to 
be in equivalent full- time (EFT) employment due to the 
absence of data on division of the labour force into full 
and part- time employment.

To calculate the total number of PALYs lived by the 
cohorts, each year lived in the labour force was multi-
plied by a productivity index derived from estimates 
of diabetes- related absenteeism.16 17 Absenteeism was 
defined as the number of lost workdays per year due to 
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Table 1 The age and gender- specific population and number of people living with diabetes in Bangladesh in 2017

Age group

Men Women

Population*
Prevalence of 
diabetes (%)*

Men with 
diabetes (n) Population*

Prevalence of 
diabetes (%)*

Women with 
diabetes (n)

20–24 7 862 660 1.8 142 542 7 621 330 3.1 235 700

25–29 7 312 030 2.7 197 467 7 357 770 4.2 308 150

30–34 6 796 110 3.9 267 674 7 028 330 5.6 391 801

35–39 6 118 590 5.5 339 234 6 367 610 7.2 458 686

40–44 5 211 850 7.4 387 166 5 294 190 8.9 472 611

45–49 4 626 430 9.4 433 997 4 591 970 10.5 482 417

50–54 4 012 750 11.1 445 988 3 923 260 11.7 458 192

55–59 2 962 960 12.3 365 906 2 818 620 12.3 345 557

Total 44 903 380 5.7 2 579 975 45 003 080 7.0 3 153 114

*Age and gender- specific population estimates and age and gender- specific prevalence of diabetes based on estimates by age and gender 
from the International Diabetes Federation Diabetes Atlas for 2017.4

diabetes and was expressed as a percentage of the total 
working days per year. These inputs were derived from 
primary data collected through a cross- sectional study in 
Bangladesh in 2017,25 stratified by sex and 5 years age 
group. Absenteeism was estimated to be on average 4.1 
and 4.9 days per year in men and women, respectively. 
These represented a loss of 1.7% and 2.0%, respectively, 
of the 240 maximum working days per year in Bangla-
desh. Hence, the productivity indices for men and 
women with diabetes were 0.983 and 0.980, respectively.

Data on GDP per worker in Bangladesh, drawn from 
the World Bank database for 2017, are estimated to be 
BDT701 062 (US$8763) in 2017.26 As per other studies we 
assumed that the economic value of each PALY was equiv-
alent to the annual GDP per worker,.16 17 We projected 
temporal trends in GDP across the model’s time horizon 
using the Organisation for Economic Co- operation and 
Development (OECD) long- term GDP forecasts.27

scenario analyses
First, the individual contribution of absenteeism, labour 
force dropout and premature mortality to productivity 
loss were calculated and considered as the base case. 
Second, to assess the impact of uncertainty around 
diabetes- related mortality risk, productivity indices and 
economic data inputs, deterministic sensitivity analyses 
were performed on the model to calculate PALYs lost 
in the Bangladeshi population with diabetes. These 
included using the upper and lower 95% CIs around 
estimates of all- cause mortality associated with diabetes,28 
and varying estimates of absenteeism and labour force 
dropout by 25%.24 Finally, scenario analyses were under-
taken to explore other model assumptions: doubling 
the average annual reduction in mortality risk from the 
UN WPP (1.0% per year) to a 2% reduction per year; 
removing the temporal trend in mortality risk; doubling 
the annual GDP growth rate from 1.8% per year (OECD 
forecast average annual GDP growth rate) to 3.6% per 

year; removing the temporal trend in GDP per worker26; 
and varying the annual discount rate to 5% and 1.5%.19

Patient and public involvement
Patients or the public were not involved in the develop-
ment or implementation of this study.

resuLTs
As estimated by the IDF,4 the prevalence of diabetes was 
7.0% in women and 5.7% in men (table 1).

excess mortality and years of life lost to diabetes
The projected deaths in each 5 years age group and sex 
group are shown in table 2. It was estimated that of the 
current working age population followed up until retire-
ment, there were 813 807 extra deaths due to diabetes 
(304 682 and 509 125 among men and women, respec-
tively). Over the modelled time horizon (over 40 years), 
3.9 million years of life (5.5%) would be lost to diabetes, 
which equated to overall 0.7 years (for both men and 
women) of life lost per person in the diabetes population.

PALYs lost to diabetes
It was estimated that 9.2 million (20.4%) PALYs were 
lost due to diabetes, which equated to 1.6 PALYs lost 
per person (1.7 in men and 1.5 in women) (table 3). 
Assuming a constant GDP per EFT worker of BDT701 
062 (US$8763), the economic impact of productivity 
lost due to diabetes in Bangladesh would be BDT7.7 tril-
lion (US$97.4 billion) loss in GDP. This is equivalent to 
an average GDP loss of BDT1 358 969 (US$16 987) per 
person with diabetes over the working lifespan.

scenario analyses
Figure 1 shows the contribution of labour force dropout, 
mortality and absenteeism to diabetes- related produc-
tivity loss. Labour force dropout (64.9%) was the major 
contributor to productivity loss followed by mortality 
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Table 2 Excess deaths and years of life lived in those with diabetes, and in the same cohort assuming no diabetes, over the 
working lifetime of the Bangladeshi population simulated from life table modelling

Age group

Deaths in 
cohort with 
diabetes

Deaths in ‘diabetes 
cohort’ assuming 
no diabetes

Excess deaths 
in diabetes 
cohort

Years of life 
lived in cohort 
with diabetes

Years of life lived 
in ‘diabetes cohort’ 
assuming no diabetes

Years of life 
lost (%)

Men

  20–24 37 880 14 534 23 346 3 091 579 3 279 527 187 948 (5.7)

  25–29 52 044 20 627 31 417 3 949 032 4 194 217 245 185 (5.8)

  30–34 69 329 28 342 40 987 4 835 772 5 142 610 306 838 (6.0)

  35–39 84 858 35 770 49 088 5 386 737 5 730 419 343 682 (6.0)

  40–44 90 752 39 439 51 313 5 193 160 5 514 858 321 698 (5.8)

  45–49 90 204 40 391 49 813 4 610 903 4 870 686 259 784 (5.3)

  50–54 76 201 35 218 40 982 3 306 543 3 458 901 152 358 (4.4)

  55–59 33 603 15 868 17 735 1 339 258 1 372 462 33 204 (2.4)

Total 534 871 230 189 304 682 31 712 983 33 563 680 1 850 697 (5.5)

Women

20–24 66 692 16 794 49 898 4 711 657 5 035 712 324 054 (6.4)

  25–29 85 822 22 439 63 383 5 575 281 5 956 434 381 153 (6.4)

  30–34 106 562 28 845 77 717 6 227 373 6 653 708 426 335 (6.4)

  35–39 119 779 33 518 86 261 6 133 371 6 549 170 415 799 (6.3)

  40—44 114 967 33 217 81 750 4 950 391 5 275 494 325 103 (6.2)

  45–49 103 412 30 790 72 622 3 432 044 3 649 764 217 720 (6.0)

  50–54 77 001 22 168 54 833 3 395 268 3 397 913 2645 (0.1)

  55–59 31 236 8575 22 662 1 696 908 1 738 891 41 982 (2.4)

Total 705 470 196 345 509 125 36 122 293 38 257 085 2 134 792 (5.6)

Total 1 240 340 426 534 813 807 67 835 276 71 820 765 3 985 489 (5.5)

Calculation of years of life lived was modelled in life tables with a half- cycle correction and was subject to an annual discount rate of 3%.

(26.8%) and absenteeism (8.3%). Accordingly, the 
majority of costs associated with productivity losses were 
caused by diabetes- related labour force dropout (BDT5.1 
trillion or US$63.2 billion) followed by mortality (BDT2.1 
trillion or US$26.1 billion) and absenteeism (BDT648 
billion or US$8.1 billion). The proportion of PALYs lost 
to diabetes- related mortality and absenteeism were higher 
in men (37.0% and 10.2%, respectively) than in women 
(18.0% and 6.7%, respectively), while the proportion of 
PALYs lost to labour force dropout was higher in women 
(75.2%) than in men (52.8%).

Table 4 includes results from scenario analyses. 
The model was sensitive to a number of inputs such 
as productivity indices, diabetes- related labour force 
dropout, mortality risk and model assumptions including 
temporal trends in mortality risk and the annual discount 
rate. The PALYs lost due to diabetes were reduced by 
5.4% and increased by 1.6%, respectively, for the upper 
and lower uncertainty bounds of absenteeism estimate 
compared with the base case. At the hypothetical 25% 
change of diabetes- related labour force dropout, PALYs 
lost changed by 16.7%. Applying the upper and lower 
bounds of 95% CI around estimates of all- cause mortality 

risk associated with diabetes, PALYs lost were increased 
by 20.5% and decreased by 8.7%, respectively.

In scenario analyses, the annual reduction in popula-
tion mortality risk to 2% and removal of the temporal 
trends in population mortality risk resulted to ±1.2% 
change in PALYs lost. Doubling the annual GDP growth 
rate to 3.6% leads to an increase in the estimate of GDP 
lost to BDT9.0 trillion (US$112.9 billion), while removing 
all temporal trends in GDP decreased the estimate of 
GDP lost to BDT6.6 trillion (US$81.9 billion). Altering 
the annual discount rate to 5% and 1.5% corresponded 
to a 17.1% reduction in PALYs lost and a 17.3% incre-
ment in PALYs lost, respectively (table 4).

dIsCussIon
This study highlights that diabetes in the working age 
Bangladeshi population is projected to profound loss in 
years of life lived and productivity. Follow- up of this popu-
lation until the retirement age leads to an estimated 813 
807 excess deaths, and a loss of 4.0 million years of life 
(5.5%) and 9.2 million PALYs (20.4%) due to diabetes.

The productivity loss attributable to diabetes 
represents a combined effect of premature mortality, 
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Table 3 Productivity- adjusted life years (PALY) lived in those with diabetes, and in the same cohort assuming no diabetes, 
over the working lifetime of the Bangladeshi population simulated from life table modelling

Age group
PALYs lived in cohort 
with diabetes

PALYs lived in ‘diabetes cohort’ 
assuming no diabetes PALYs lost (%)

PALYs lost per person 
with diabetes

Men

  20–24 2 562 248 2 972 870 410 621 (13.8) 2.9

  25–29 3 360 764 3 906 137 545 374 (14.0) 2.8

  30–34 4 153 176 4 842 933 689 757 (14.2) 2.6

  35–39 4 595 244 5 379 395 784 151 (14.6) 2.3

  40–44 4 334 462 5 092 370 757 908 (14.9) 2.0

  45–49 3 710 326 4 367 645 657 319 (15.0) 1.5

  50–54 2 528 227 2 974 315 446 088 (15.0) 1.0

  55–59 958 753 1 117 325 158 572 (14.2) 0.4

Total 26 203 200 30 652 989 4 449 790 (14.5) 1.7

Women

  20–24 1 385 921 1 941 747 555 826 (28.6) 2.4

  25–29 1 691 966 2 397 905 705 939 (29.4) 2.3

  30–34 1 887 915 2 721 664 833 749 (30.6) 2.1

  35–39 1 800 839 2 655 761 854 922 (32.2) 1.9

  40–44 1 360 367 2 068 313 707 946 (34.2) 1.5

  45–49 840 444 1 339 904 499 460 (37.3) 1.0

  50–54 672 063 1 108 213 436 149 (39.4) 1.0

  55–59 389 432 618 867 229 435 (37.1) 0.7

Total 10 280 947 14 852 374 4 823 427 (32.5) 1.5

Total 36 232 146 45 505 363 9 273 217 (20.4) 1.6

Calculation of PALYs was modelled in life tables and subject to an annual discount rate of 3%.

diabetes- related labour force dropout and absenteeism. 
Over the working lifespan of the diabetes cohort, higher 
all- cause mortality risk in those with diabetes resulted 
in a 5.5% reduction in years of life lived and was similar 
in men and women. This is consistent with the previous 
study conducted in India21 but is contrary to the findings 
of a study conducted in China, which showed a higher 
mortality risk among working age Chinese men than 
women.29 The relative impact of diabetes on years of life 
lost was higher among Bangladeshi younger people due 
to their longer working lifespan. On the other hand, the 
prevalence of diabetes and labour force dropout among 
younger age groups was lower, which highlights the 
importance of prevention before onset of diabetes. The 
literature supports that there is a strong association of 
mortality with duration of diabetes and diabetes compli-
cations among young Asian population.30

Traditional health economic analyses evaluate the cost- 
effectiveness of health interventions in terms of net costs 
per year of life saved or quality- adjusted life year (QALY) 
saved,31 but they have no inherent financial value. This 
study shows that the loss of productivity, measured in terms 
of PALYs, among the working population has economic 
implications as it can be ascribed a financial value. The 
results of our modelling estimate the loss of over 9.2 

million PALYs in those with diabetes, or 1.6 PALYs per 
person, over their working lifespan. The average number 
of PALYs lost per person with diabetes in Bangladesh was 
higher than that reported in recent studies conducted in 
Australia and China.13 16 The retirement age for men in 
Bangladesh is similar to men in China but for women it 
is 5 years higher in China.13 Compared with Australia, a 
high- income country, retirement age in Bangladesh is 10 
years lower in both genders, and therefore people living 
with diabetes in Bangladesh incurred higher produc-
tivity losses over a shorter time frame compared with the 
Australian population.16 This is largely due to differences 
in prevalence, mortality and productivity impacts which 
were higher in the younger Bangladeshi population than 
those in Australia. In addition, labour force dropout was 
not considered in the Australian analysis. Both of these 
studies highlighted the greater productivity burden 
borne by younger age populations with diabetes as they 
acquire the disease early, and thus their onset of compli-
cation occurs early. Additionally, greater productivity loss 
is borne by younger people as the years of life lost due to 
diabetes, in proportional terms, is greater for them. Our 
model did not account for the direct costs of diabetes 
and thus, if considered, the broader economic burden 
of diabetes in Bangladesh could be multifold higher 
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Figure 1 Economic burden of productivity loss in those with 
diabetes due to diabetes- related absenteeism, premature 
mortality and labour force dropout over the working lifespan 
in the Bangladeshi population.

than the current estimates, which is mirrored in previous 
studies.11 24

A recent study conducted in Bangladesh showed that 
40% of people with type 2 diabetes had the disease before 
the age of 40 years.32 This study showed that the relative 
impact of diabetes on productivity loss was greater in 
younger people, which reflects the greater cumulative 
losses associated with early onset of diabetes. The abso-
lute number of PALYs lost was greater in men (1.7) than 
in women (1.5). This may be due to the higher labour 
force participation of men than women in Bangladesh,23 
which is related to higher diabetes- related productivity 
losses among men. However, the relative reduction 
in productivity due to diabetes was higher in women 
(32.5%) than men (14.5%), driven by higher labour 
force dropouts (75.2% in women vs 52.8% in men). 
There is evidence of an employment shortfall in people 
with diabetes compared with those without diabetes.11 33 34 
Results from studies in the USA showed that diagnosis of 
diabetes was associated with approximately double the 
labour force participation shortfall and compared with 
men with diabetes, more workdays lost among women 
with diabetes.35 36

We estimated an average GDP loss of BDT1 358 969 
(US$16 987) per person with diabetes over the working 
lifespan. The recent literature reports the median 
monthly income of Bangladeshi population is US$375,25 
which is equivalent to 42 months of the gross household 
median income. Thus, in Bangladesh, where nearly 

one- third (31.5%) of the population lives below the 
poverty line,25 diabetes is placing a noticeable burden on 
its economy. According to Islam et al, Bangladesh spends 
a much lower percentage (3.5%) of its GDP on health 
compared with neighbouring counties like Maldives 
(10.8%) or countries with similar economic status like 
South Africa (8.9%) and Tanzania (7.3%).37 A study 
conducted in Bangladesh in 201725 showed that 3.5% 
of people with type 2 diabetes had income less than the 
estimated average annual cost of US$865 for diabetes 
management. Overall, a person with type 2 diabetes 
in Bangladesh spent 9% of his/her annual household 
income on management of the disease. Acknowledging 
that diabetes is not 100% preventable, if even 10% of 
diabetes was prevented, BDT13 589 (US$1698) could be 
spent per working age person as, at least, a break- even 
investment. This study also emphasises the importance 
of strengthening the current strategies on prevention of 
diabetes in Bangladesh.

This study quantifies the macroeconomic burden of 
diabetes- related productivity loss using contemporary 
age and sex- specific estimates of diabetes prevalence by 
the IDF, mortality risk and labour force participation.4 
The major strength of the study is the use of PALYs to 
calculate productivity losses. PALYs are able to ascribe 
a financial value in terms of GDP and net costs. PALYs 
represent a useful measure alongside QALYs which 
require the calculation of incremental cost- effectiveness 
ratios16 to estimate the impact of health interventions. 
Strengths of our study include the use of productivity 
indices stratified by age, sex and the type of work that 
people undertake and were sourced from a study 
conducted on Bangladeshi population.25 Thus, estimates 
of the impact of diabetes on the productivity of specific 
subgroups were more precise and are generalisable to 
the total Bangladeshi population. In addition, we used 
contemporary age and sex- specific estimates of diabetes 
prevalence, mortality risk, labour force participation and 
in- work productivity, which can inform the targeting of 
interventions. Life table modelling allowed us to capture 
the impact of diabetes- related productivity loss across the 
working age lifespan.

Life table modelling is a well- recognised tool used in 
epidemiological and demographic studies but is not 
without limitations. One limitation of this study was the 
mortality rates, which were estimated based on published 
data. The uncertainty around productivity indices was 
explored in sensitivity and scenario analyses and found 
that the model was more sensitive to variation in labour 
force dropout (±16.7%) while varying absenteeism by 
25% had a minimum effect on estimates of PALYs lost 
(+1.6%, −5.4%). Our model did not account for the large 
proportion of people (56%) who are unaware of the pres-
ence of diabetes.38 A previous study showed that 63.4% 
of people with diabetes have diabetes- related complica-
tions32 but in this model an assumption was made that 
they are as productive as without diabetes. Thus, these 
results may be considered an underestimation of the 
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Table 4 Sensitivity and scenario analyses to assess the impact of the uncertainties around productivity, mortality and 
economic data inputs on productivity- adjusted life years (PALY) lost in those with diabetes in the Bangladeshi population and 
the associated economic impact

PALYs lost due to 
diabetes

% change in PALYs lost 
compared with base case

GDP lost (US$ 
billion)

GDP lost per person 
with diabetes (US$)

Base case 9 273 217 97.4 16 987

  Productivity indices upper uncertainty bound* 8 773 791 −5.4 92.3 16 098

  Productivity indices lower uncertainty bound* 9 417 270 +1.6 98.8 17 241

  Labour force dropout upper uncertainty 
bound†

7 728 881 −16.7 81.8 14 275

  Labour force dropout lower uncertainty bound† 10 817 553 +16.7 112.9 19 699

  Upper uncertainty bound of all- cause mortality 
risk associated with diabetes‡

11 159 921 +20.5 118.0 20 574

  Lower uncertainty bound of all- cause mortality 
risk associated with diabetes‡

8 466 438 −8.7 88.6 15 446

  Temporal trend in population mortality risk is 
doubled to a 2% reduction per year§

9 158 579 −1.2 96.1 16 759

  No temporal trend in population mortality risk§ 9 401 616 +1.2 98.9 17 243

  Annual GDP growth rate is doubled to 3.6% 
per year¶

112.9 19.692

  No temporal trend in GDP¶ 81.9 14 283

  Annual discount rate increased to 5%** 7 691 123 −17.1 79.0 13 780

  Annual discount rate reduced to 1.5%** 10 875 985 +17.3 116.5 20 313

*Sensitivity analyses 1 and 2 apply (1) a 25% reduction and (2) a 25% increase in absenteeism estimate, holding all other model inputs constant.
†Sensitivity analyses 3 and 4 apply (3) a 25% reduction and (4) a 25% increase in diabetes- related labour force dropout estimates, holding all other 
model inputs constant.
‡Sensitivity analyses 5 and 6 apply (5) the lower bound of the 95% CI and (6) the upper bound of the 95% CI around the estimate of relative risk of 
all- cause mortality associated with diabetes, holding all other model inputs constant.
§Scenario analyses 7 and 8 apply (7) double the annual reduction in mortality risk to 2% per year and (8) no temporal trend in population mortality 
risk, holding all other model inputs constant.
¶Sensitivity analyses 9 and 10 apply (9) double the annual growth rate in GDP to 3.6% per year and (10) no temporal trend in GDP across the model, 
holding all other model inputs constant. These sensitivity analyses do not affect the number of PALYs lived but do affect their assumed value and 
therefore the resulting GDP lost.
**Sensitivity analyses 11 and 12 apply an annual discount rate (11) increased to 5% (in line with the WHO standard annual rate) and (12) reduced to 
1.5%.
GDP, gross domestic product.

effect of diabetes on work productivity as diabetes could 
still exert an impact on those with undiagnosed diabetes. 
We also assumed that current projections in temporal 
trends in mortality rates and GDP growth held true across 
the modelling time horizon. However, in scenario anal-
yses, the doubling and removal of the trend in popula-
tion mortality rates affected the model output by <2%, 
although estimates of GDP lost were more sensitive to the 
equivalent changes in GDP growth rate. The contribution 
of comorbidities of diabetes such as obesity and hyperten-
sion on productivity loss could not be distinguished from 
these estimates. Due to the absence of available data, an 
assumption was made that work will relate to paid employ-
ment and the population worked full time. Furthermore, 
diabetes might impact on GDP in ways other than through 
productivity losses.10 12 While these limitations may affect 
the current estimates of our model, the overall conclusion 
of the study is unlikely to be changed.

ConCLusIon
Diabetes creates a substantial burden on the Bangla-
deshi population, in terms of health and well- being and 

lost productivity. By quantifying the economic burden 
of diabetes in terms of missed production opportuni-
ties, rather than health expenditure only, our findings 
highlight the importance of prevention, treatment and 
adequate control of diabetes in Bangladesh as an invest-
ment. An economic pay- off through gains in productivity 
can be achieved by interventions aimed to prevent and 
adequately control diabetes. Future studies should aim 
to describe the dynamics of the balance between the 
economic benefits arising from productivity gains and 
the greater investment in prevention and health services 
for diabetes.
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