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Abstract

Background This study evaluated the cost effectiveness of an intensive lifestyle modification (LSM) intervention delivered by
peer educators for the prevention of type 2 diabetes mellitus in a young at-risk population in a low healthcare resource setting.
Objective The aim of this study was to evaluate the short-term and long-term cost effectiveness of an intensive lifestyle
modification intervention for type 2 diabetes prevention in a young urban at-risk population in Sri Lanka.

Methods This was an economic evaluation using cost and outcome data from a randomized controlled trial. We randomized
3539 healthy individuals aged 5—40 years with risk factors for type 2 diabetes to either 3-monthly (P-LSM n = 1727) or
12-monthly (C-LSM n = 1812) peer-educator advice aimed at reducing weight, improving diet, reducing psychological
stress and increasing physical activity. A cost-effectiveness analysis was conducted from a health system perspective with
outcomes expressed as disability-adjusted life-years (DALYSs). Intervention costs and outcomes were collected during a
median clinical trial period of 3 years and extrapolated to a lifetime horizon using economic modelling. Uncertainty in the
lifetime model was explored by structural and probabilistic sensitivity analyses.

Results The costs of the more intensive peer support programme were partially offset by reduced costs of type 2 diabetes
complications recorded over the trial period and completely offset by lifetime cost savings of 6000 LKR. The more intensive
P-LSM also averted more DALY, estimated at 0.456 DALYs over the lifetime of participants.

Conclusions In a young at-risk Sri Lanka population, an intensive LSM programme was cost effective, averting more DALY's
at an acceptable additional cost than a much less intensive LSM programme. Early intervention in young at-risk people
represents good value for money from the Sri Lankan health care payer perspective.

Key Points for Decision Makers

Efforts to reduce the global health and economic burden
of diabetes mellitus should emphasize prevention of
diabetes or delaying its onset, through enhancing health
behaviours and diets at the population level, and early
detection and management of high-risk individuals.
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modification interventions delivered at younger ages will
maximize reductions in diabetes incidence and costs in
the long term and are therefore better value for money.
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1 Introduction

The growing burden of type 2 diabetes mellitus has
emerged as a major public health challenge in low- and
middle-income countries (LMICs). Currently, around 80%
of people with diabetes live in LMICs and it is estimated
that the largest increases in prevalence will take place in
regions transitioning from low to middle income levels [1].
Asia is at the epicentre of this growing epidemic, account-
ing for over 60% of type 2 diabetes cases worldwide [2,
3]. While traditionally considered a disease affecting older
age groups; the prevalence of type 2 diabetes has become
increasingly common in children, adolescents, and young
adults [4-6]. In South Asia, almost a third of future cases
are predicted to occur in those aged <45 years [6].

Type 2 diabetes can lead to a number of disabling and
fatal complications such as cardiovascular disease, chronic
kidney disease, neuropathy and vision loss [1]. Manage-
ment of type 2 diabetes and its associated complications
is complex, time consuming and costly. A recent cost-of-
illness study estimated the global annual cost of diabetes
for 2015 at US$1.31 trillion [7]. This economic burden is
borne disproportionately by LMICs where a large propor-
tion of health spending is in the form of out-of-pocket
payments [8].

Several large-scale trials have demonstrated the effec-
tiveness of lifestyle modification (LSM) interventions in
preventing or delaying the onset of type 2 diabetes among
high-risk individuals [9-13]. Furthermore, lifestyle modi-
fication interventions have been demonstrated to be cost
effective and even cost saving in various, predominantly
high-income contexts [14-21]. Evidence of effectiveness
and cost effectiveness of LSM interventions in low- and
middle-income countries, however, is scarce.

Recent research has demonstrated the efficacy of LSM
as an early intervention for type 2 diabetes prevention in
a young at-risk population in Sri Lanka [6]. The Preven-
tion of Cardio-Metabolic Disease with Lifestyle Modifica-
tion in Sri Lanka (DIABRISK-SL) study screened young
urban Sri Lankans within the Colombo District aged 540
years for four risk factors—physical inactivity, raised waist
circumference, raised body mass index (BMI) and first-
degree family history of type 2 diabetes. Participants with
two or more risk factors were randomized into an inten-
sive peer-educator-delivered tri-monthly LSM intervention
(P-LSM) or a less intensive annual control LSM interven-
tion (C-LSM). Following median follow up of 3 years,
the study found significant reduction in the incidence of
new-onset type 2 diabetes, impaired fasting glucose and
impaired glucose tolerance [6].

The aim of this study was to evaluate the cost effective-
ness of an intensive lifestyle modification intervention for
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type 2 diabetes prevention in a young urban at-risk popu-
lation in Sri Lanka. In order to capture the longer-term
impact of lifestyle modification on disease progression and
costs, we modelled cost, disease progression and outcome
data from the DIABRISK-SL trial and existing literature.

2 Methods
2.1 Clinical Trial

The DIABRISK-SL study was an open, randomized, con-
trolled, parallel-group clinical trial of early LSM interven-
tion in a young population at risk for type 2 diabetes in
Colombo, the largest urban district in Sri Lanka. The study
screened and recruited participants between the ages of
5-40 years from workplaces, schools, community organiza-
tions and universities. Participants with two or more risk fac-
tors for cardio-metabolic disease were invited to participate
in the trial. A total of 3539 participants were recruited and
randomized to P-LSM (n = 1726) or C-LSM (n = 1812).
The P-LSM group was offered four one-on-one sessions
annually with trained peer educators who provided indi-
vidualized lifestyle modification advice. The C-LSM group
was offered one annual one-on-one session with trained peer
educators. Participants were followed up over a median of 3
years. The clinical study was given ethical approval from the
Sri Lanka Medical Association Ethical Review Committee
(ERC 07-010).

2.2 Perspective

The analysis took a broad health-care system perspective
because in Sri Lanka the costs of diabetes prevention are
borne by the public sector, but health-care treatment costs
are met by a combination of both public sector payers and
out-of-pocket private payers.

2.3 Costs

Within-trial resource use was recorded for each participant
including the total number of sessions they attended, and
blood tests administered for monitoring blood glucose lev-
els. The cost of screening (travel costs, staff salaries, labo-
ratory charges, office overheads) was estimated from trial
records and apportioned across all subjects recruited to the
study. The unit costs applied to each item of resource use in
Sri Lankan Rupees (LKR) were inflated where necessary to
2017 prices (Table 1). The conversion rate for LKR 2017 to
USD 2017 was 148 LKR to 1 USD (actual) [22] or 48 LKR
to 1 USD (Purchasing Power Parity) [23]. The annual pub-
lic sector cost of uncomplicated type 2 diabetes was based
on 12 outpatient physician visits, and daily medication. On
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Table 1 Unit costs of treatment of diabetes and complications in Sri Lanka

Item Source

Unit cost (2017 LKR)

Intervention costs

Cost per session Hourly peer educator wage LKR74
Screening cost Trial screening costs/all subjects (n = 3539) LKR7824
Blood sugar Trial testing costs LKR751
OGTT Trial testing costs LKR513
Diabetes-related medical costs
Outpatient visit WHO Choice [32] LKR434*
Cardiovascular disease Karan et al. 2014 [28] (India per year) LKR85,013"
Nephropathy Clarke et al. 2010 [29] (India per year) LKR44,243°
Retinopathy Rachapelle et al. 2013 [30] (India, societal) LKR14,290°
Neuropathy Clarke et al. 2010 [29] (India per year) LKR36,769°
Medications

Diabetes (metformin)

State Pharmaceuticals Corporation of Sri Lanka [33]

500 mg 4 X a day
LKR1.00 per tablet

LKR Sri Lankan Rupees, OGTT oral glucose tolerance test

#Uprated using CPI source: https://knoema.com/atlas/Sri-Lanka/topics/Economy/Inflation-and-Prices/Consumer-price-index

bConverted from USD using historical exchange rate source: https://www.poundsterlinglive.com/best-exchange-rates

this basis, we estimated that the annual public sector cost of
uncomplicated DM was LKR 6674.

In the absence of local data, direct medical costs of treat-
ing minor and major diabetic complications were taken from
a recent systematic review of the economic costs of car-
diovascular disease, diabetes, and diabetic complications in
South Asia [24]. Direct medical costs of diabetic complica-
tions from this review were deemed appropriate for the Sri
Lankan context given similarities in out-of-pocket expendi-
ture between countries in the South Asia region considered
in the review. The validity of the cost estimates was verified
by local public health experts (authors DS, PS). All costs
were inflated to 2017 prices.

2.4 Outcomes

We measured the effectiveness of LSM using disability-
adjusted life-years (DALYs) averted. The DALY is a
generic measure of disease burden which was developed
by the World Bank and the World Health Organization to
inform health priority setting and health programme evalu-
ation, particularly in low- and middle-income countries
[25]. DALY assign disability weights between O (no dis-
ability) and 1 (equivalent to death) to estimate the decline
in health and functioning attributable to various illnesses
and impairments. The health state disability weights used
in the present study were taken from the Global Burden
of Disease study (2016) [26]. These were uncomplicated
diabetes mellitus (DM) (0.049); cardiovascular disease
(0.179); chronic kidney disease due to DM (0.052);

diabetic neuropathy (0.133); and severe vision impairment
due to DM (0.184). DALY's were calculated by multiplying
the relevant disability weight with the time between onset
and follow up. It was assumed that DM onset occurred at
the midpoint between a negative and positive test.

2.5 Economic Model

We constructed an economic model to predict costs and
DALYs for a cohort of 1000 healthy individuals at risk of
type 2 diabetes aged 22 years at presentation for the life-
style modification intervention. Given the chronic and pro-
gressive nature of type 2 diabetes, a Markov model with a
lifetime horizon was selected to capture downstream costs
and consequences. The Markov model had nine health
states including normal glucose tolerance (healthy), seven
health states defined by complications from type 2 diabetes
and death. The cohorts move through the Markov model
in annual cycles accruing costs and DALY's depending on
the health state and the group allocation. We assumed a
legacy effect for lifestyle modification of 10 years [15].
The legacy effect and a ‘do nothing’ scenario as the con-
trol condition were tested in sensitivity analyses. Costs,
outcome and transition probabilities were taken from the
trial or other published estimates as needed. Costs and
DALYs were discounted by 3% to account for time prefer-
ences. The model is specified in more detail in the elec-
tronic supplementary material (ESM).
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2.6 Analysis

The cost effectiveness of an intensive tri-monthly LSM
intervention relative to an annual LSM intervention is
presented as an incremental cost-effectiveness ratio
(ICER), which is the difference in mean costs divided
by the difference in mean DALY, expressed as cost per
DALY averted. Uncertainty around the point estimate was
propagated using a scatterplot of 1000 bootstrapped dif-
ferences in mean costs and mean DALYs. The impact
on cost effectiveness according to age (< 18 years, > 18
years) was also explored given a small but statistically
significant lower fasting plasma glucose and 2-hour post-
OGTT (oral glucose tolerance test) plasma glucose level
in the P-LSM as compared with the C-LSM group in par-
ticipants aged >18 years of age only (p < 0.05 for both)
reported in the main clinical paper [6]. The impact of
uncertainty in the economic model was assessed through
probabilistic sensitivity analysis, which used Monte Carlo
methods to randomly vary all model parameters simulta-
neously. Cost effectiveness acceptability curves (CEACs)
were derived from the joint distribution of the difference
in costs and differences in DALY's averted. The CEAC
shows the probability that that P-LSM is cost effective
compared with C-LSM over willingness-to-pay thresholds
of between 1 and 3 times the Sri Lankan GDP per capita,
as per previous World Health Organization recommenda-
tions for low- and middle-income countries [27]. Analy-
ses were conducted in STATA 15 and Excel.

3 Results
3.1 Costs and Effects

Resource use during the 3-year trial and associated mean
costs per participant are summarized in Table 2. Over the
3-year study period, the additional cost of the more inten-
sive intervention was slightly offset by lower costs of type 2
diabetes complications. The mean difference in total costs
was 188 LKR per participant (Bootstrap CI — 107 to 484).
Mean DALY's were 0.0013315 (SD 0.0108166) in the inten-
sive intervention group and 0.0017329 (SD 0.0092226) in
the less intensive control group. The difference in DALYs
(or DALYs averted) was 0.0004 (Bootstrap CI —0.00019 to
0.00099). When stratified by age, the between-group dif-
ferences in costs and DALY averted were as follows: for
participants > 18 years of age (n = 1814), —6 LKR (Boot-
strap CI —273 to 262) and 0.0007 DALY averted (Bootstrap
CI —0.00016 to 0.00166); and for participants < 18 years
of age (n = 1725), 388 LKR (Bootstrap CI — 159 to 935)
and 0.000013 DALYs averted (Bootstrap CI —0.00097 to
0.00098). Note the very small difference in DALY's was due
to the low incidence of type 2 diabetes and complications in
a young pre-diabetic group observed in a 3-year RCT.

3.2 Cost Effectiveness

The difference in mean costs divided by the difference in
mean effects yielded an ICER of 470,000 LKR per DALY
averted over the 3-year trial period. Uncertainty around this
point estimate is illustrated in Fig. 1. The scatterplots fall

Table2 Mean cost per

A . Item P-LSM (n =1727) Notes C-LSM (n =1812) Notes
participant by item and group Mean (SD) Mean (SD)
(SD) (2017 LKR)
A. Screening 7824 (nc) 7824 (nc)
Tests
B. FBS 3113 (817) 3205 (775)
C. OGTT 2127 (558) 2190 (530)
D. LSM counselling 800 (358) 10.8 sessions (4.8) 309 (80) 4.2 sessions (1.1)
Intervention cost 13,864 (1675) A+B+C+D 13,528 (1382) A+B+C+D
DM-related costs
DM2 treatment 145 (864) 59 cases 199 (1108) 70 cases
CVD treatment 99 (4110) 1 case 0(0) No cases
Nephropathy 52 (1512) 2 cases 234 (3791) 8 cases
Hypertension 24 (107) 115 cases 39 (127) 152 cases
Statin therapy 10 (73) 41 cases 12 (85) 46 cases

Total costs

14,193 (4749)

14,005 (4148)

C-LSM low-intensity annual control LSM intervention, CVD cardiovascular disease, DM2 diabetes mellitus
type 2, FBS fasting blood sugars, LKR Sri Lankan Rupees, LSM lifestyle modification, nc not calculated,
OGTT oral glucose tolerance test, P-LSM intensive peer-educator—delivered tri-monthly LSM intervention,

SD standard deviation
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across three quadrants, most (79%) fall in the upper right-
hand quadrant indicating that P-LSM was more effective
than C-LSM but at an additional cost. Eight percent fall in
the lower right-hand quadrant indicating that P-LSM was
the dominant strategy improving outcomes at a lower cost,
while 13% are in the upper left-hand quadrant indicating that
P-LSM was dominated by C-LSM because it produces worse
outcomes at an additional cost.

The threshold line represents a willingness-to-pay
value of three times the Sri Lankan per capita GDP
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(1,859,187 LKR per DALY averted). Seventy-eight per-
cent of scatterplots fell below this threshold, indicating a
78% probability that P-LSM was cost effective compared
with C-LSM. The results across a range of willingness-to-
pay values based on the cost-effectiveness plane are plot-
ted in Fig. 2, which shows the probability that P-LSM was
cost effective compared with C-LSM. The probability that
P-LSM was cost effective compared with C-LSM ranged
from 57% at 1 X GDP per capita, 72% at 2 X GDP per capita
to 78% at 3 x GDP per capita.
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Cost effectiveness varied according to age. In participants
aged > 18 years, P-LSM dominated C-LSM, averting more
DALYs at a lower cost, and was clearly more cost effective
with the probability of cost effectiveness ranging from 89
to 93%. In participants younger than 18 years, the cost per
DALY averted was 29,612,403 LKR with the probability of
cost effectiveness ranging from 27% to 43%.

3.3 Economic Model

The economic model predicted that P-LSM would dominate
C-LSM with lifetime savings of 6000 LKR and averting an
additional 0.456 DALY per participant. The probability that
P-LSM was cost effective compared with C-LSM ranged
from 84% at 1 X GDP per capita, 85% at 2 X GDP per capita
to 85% at 3 x GDP per capita. The detailed results from
the model appear in the ESM. Sensitivity analysis was used
to explore two assumptions in the economic model. Under
the ‘do nothing’ scenario, where participants in the control
group incurred zero intervention costs, P-LSM continued
to dominate C-LSM, saving 4836 LKR and averting 0.456
DALYs over participant lifetimes. When the 10-year legacy
effect assumption was replaced by an assumption of no
effect beyond the trial period, P-LSM continued to dominate
C-LSM, saving 1949 LKR and averting 0.149 DALY over
the lifetime of participants.

4 Discussion

This economic analysis found that an intensive peer-educa-
tor—delivered lifestyle modification programme for healthy
young Sri Lankans at risk of type 2 diabetes was cost effec-
tive from the Sri Lankan health-care system perspective.
The within-trial comparison of intervention costs, type 2
diabetes-related health care costs, and DALYs averted
showed that P-LSM was more cost effective than C-LSM
with a probability of cost effectiveness between 57 and 78%
based on WHO health investment guidelines for LMICs.
The low cost of the peer-delivered intervention was partially
offset by savings from a relatively lower incidence of type 2
diabetes and type 2 diabetes complications over the 3-year
trial period.

In long-term conditions such as type 2 diabetes, most of
the savings and benefits from effective interventions will
occur well after the time horizon of clinical trials. This is
particularly true for preventative interventions aimed at
young people at risk from type 2 diabetes. This is reflected
in our within-trial analysis, which did not find evidence for
cost effectiveness in pre-diabetic participants < 18 years old
due to the low observed incidence of type 2 diabetes and
complications and associated costs and DALYs. In contrast,
the intervention was clearly cost effective for young adults
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aged 18 years or older where the intervention costs were
entirely offset by health care savings from avoided disease.
When the different risks observed in the trial for type 2 dia-
betes, type 2 diabetes complications and pre-diabetes type
2 diabetes were modelled together with risks from the lit-
erature, P-LSM saved the Sri Lankan health care system
money due to lower costs from type 2 diabetes and type 2
diabetes complications over the young people’s lifetimes. In
the long run, P-LSM was predicted to be more cost effective
than C-LSM with a probability of cost effectiveness between
84 and 85% using WHO health investment guidelines for
LMICs. The lifetime results from the model were robust to
changes in underlying assumptions about costs and effects.

Our results are consistent with findings from other pub-
lished economic evaluations that have found lifestyle modifi-
cation to be cost effective overall [28]. The only study to date
that that has considered intensity of lifestyle modification
agreed with our finding that more intensive interventions
were cost effective relative to low-intensity programmes
[14]. Our findings are also consistent with other economic
evaluations of lifestyle modification interventions for type
2 diabetes in LMIC settings. Liu and colleagues used eco-
nomic modelling to demonstrate that group-based lifestyle
modification interventions in a representative sample of
Chinese people aged >25 years resulted in cost savings at
all initiation ages, but especially in a younger cohort aged
25 years (17). The Indian Diabetes Prevention programme
reported cost effectiveness as evaluated by the amount spent
to prevent one case of diabetes within the 3-year trial period
and demonstrated that lifestyle modification and metformin
were cost-effective interventions for preventing diabetes
among individuals aged 35-55 years with impaired glucose
tolerance in South India [29].

The strength of this evaluation lay in the use of inter-
vention resource use and effectiveness data from the Sri
Lankan context collected through the DIABRISK-SL trial.
Furthermore, the study considered costs and consequences
for a younger at-risk population that are lacking in the exist-
ing literature and are relevant particularly for South Asian
populations who are predisposed to early onset of type 2
diabetes. Most existing cost-effectiveness studies consider
pre-diabetic populations who have higher risk of progress-
ing to type 2 diabetes; however, from a prevention perspec-
tive it is important to consider at-risk populations who lie
below the pre-diabetic threshold. This evaluation contributes
toward addressing this gap by considering a population with
normal glucose tolerance at baseline.

The results from this economic evaluation are, however,
subject to limitations. The lack of unit cost data for diabetic
complications for the Sri Lankan context meant that we
relied on data from a systematic review of costs from other
South Asian countries. We were unable to apply discounting
to the within-trial data due to uncertainties around timing
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of service use and the incidence of type 2 diabetes and type
2 diabetes complications. However, discounting was imple-
mented in the model where time preferences for lifetime
costs and benefits would arguably be more relevant. We were
unable to include overhead costs as these could not be disen-
tangled from the costs of research and the pre-existing public
screening programme established in Sri Lanka.

We used the WHO recommendation of 1-3 X GDP to
interpret our cost per DALY results; however, this guidance
was withdrawn due to perceived shortcomings including
affordability concerns and instead country-specific thresh-
olds in LMICs were recommended [30]. Despite this, almost
no LMICs, including Sri Lanka, have published explicit
cost-effectiveness thresholds to assess whether the additional
costs are worth the additional health gains from new health
care interventions in their national contexts [31]. Readers
can apply their own thresholds to interpret the CEACs pre-
sented in Fig. 2 and Fig. S4 (see ESM) either in terms of Sri
Lankan rupees or Sri Lankan GDP multiples.

5 Conclusions

Efforts to reduce the global health and economic burden of
diabetes should emphasize prevention of diabetes, or delay-
ing its onset, through enhancing health behaviours and diets
at the population level, and early detection and management
of high-risk individuals. This economic evaluation adds to
the growing literature on the cost effectiveness of lifestyle
modification with much-needed data on costs and effects of
implementing such programmes in a low-income setting.
Policy makers in LMICs with limited health budgets such
as Sri Lanka face important choices in designing large-scale
prevention programmes—whether to screen for diabetes
risk or target known at-risk individuals with pre-diabetes;
whether to use community or lay health workers to deliver
such interventions; the duration of interventions; and the
intensity with which they are delivered. This economic
evaluation indicates that lifestyle interventions delivered at
low intensity may minimize budget impact in the short term,
but more intensive lifestyle modification interventions deliv-
ered at younger ages will maximize reductions in diabetes
incidence and costs in the long term and are therefore better
value for money.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41669-021-00284-5.
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