Rush 1980

Methods Stratified randomisation based on table of random numbers, with allocation in sealed
envelope and blinding of all research staff

Participants 1051 low-income black women in Harlem (New York City) <= 30 weeks’ gestation "at
risk’ for LBW based on 1 or more of the following criteria: 1) pre-pregnancy weight
< 110 Ibs; 2) pre-pregnancy weight 110-139 Ibs plus low gestational weight gain as of
recruitment;
3) pre-pregnancy weight 110-139 Ibs plus previous history of LBW}; or
4) pre-pregnancy weight 110-139 lbs plus protein intake < 50 grams in the 24 hours
preceding registration

Interventions Experimental (1): balanced energy/protein 16-0z beverage supplement containing 322
keal energy, 6 g protein, and vitamins/minerals (complement’).
Experimental (2): high-protein 16-0z beverage supplement containing 470 kcal + 40 g
protein per day + vitamins and minerals.
Control: supplement containing vitamins/minerals only.

Outcomes Gestational weight gain, GA, preterm birth, infant born small-for-gestational age, birth-
weight, LBW;, stillbirth, neonatal mortality, and weight, length, head circumference, and
Bayley scores at 1 year

Notes Almost no data presented on the (approximately) 25% of participants who failed to
comply, dropped out, or moved away

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Low risk Random assignment.

bias)

Allocation concealment (selection bias) Low risk Based on table of random numbers, with

allocation in sealed envelope

Blinding (performance bias and detection Low risk Blinding of all research staff.

bias)

All outcomes

Incomplete outcome data (attrition bias)  Low risk 94% follow-up, 48 whose mothers chose to

All outcomes

discontinue supplements and 1 infant with
Down’s syndrome excluded

Selective reporting (reporting bias)

Unclear risk No protocol available.

Other bias High risk Almost no data presented on the (approxi-
mately) 25% of participants who failed to
comply, dropped out, or moved away
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Sweeney 1985

Methods Stratified randomisation ’using biased coin methodology’.

Participants 47 healthy women < 20 weeks’ gestation in Salt Lake, USA. Maternal height ranged
from 152 to 180 cm, and pre-pregnant weight ranged from 41 to 113 kg

Interventions Experimental: Higgins' method of protein/energy ’prescription’ (i.e., advice only, no
supplementation) Control: no advice

QOutcomes Protein and energy intake, gestational weight gain, birthweight, and GA

Notes 1) Slight discrepancy in number of women allocated.
2) Mean and SD weight gain, birthweight, and GA not reported by allocation group.
3) Probable non-blinding of intake (protein and energy) histories

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (sclection Low risk Stratified random allocation using a biased

bias) coin methodology

Allocation concealment (selection bias) Unclear risk Insufficient information to permit judge-

ment for allocation concealment

Blinding (performance bias and detection . High risk Probable non blinding.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk 43 out of 47 (91.5%) were analysed.

All outcomes

Selective reporting (reporting bias) Unclear risk No protocol available.

Other bias High risk Slight discrepancy in number of women al-
! located.

Viegas 1982a

Methods

Allocation method not reported.

Participants 153 Asian women in Birmingham, UK < 20 wecks’ gestation who appeared well-nour-
ished based on their weight and height. The mean = SD height and weight for interven-
tion group was 154.6 £ 4.4 cm, 53.0 £ 9.1 kg and control group was 156.5 + 5.8 cm,
56.3 £ 10.6 kg

Interventions Experimental: supplement of flavoured carbonated glucose drink providing 273 keal
energy (with 11% of energy as protein) plus vitamins from 18 to 38 weeks.

Control: supplement of flavoured carbonated water containing iron and vitamin C
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Viegas 1982a  (Continued)

Outcomes Gestational weight gain and birthweight, placental weight, maternal skin folds and arm
circumference
Notes 1) Designed as 3-arm trial, but group receiving supplement with 11% of energy provided
as protein combined with energy-only group for this review.
2) No evidence that study women were undernourished.
3) No data presented on compliance or dietary substitution.
4) Results presented only in graphic form; extracted data are therefore approximate
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Unclear risk Minimisation. Allocation to a particular regimen was

bias)

designed to give as closely as possible the same distri-
bution of parity, abnormal past obstetric history and
history of early bleeding in the current pregnancy

Allocation concealment (selection bias) Unclear risk Allocation method not reported.

Blinding (performance bias and detection Unclear risk Blinding not reported.

bias)

All outcomes

Incomplete outcome data (attrition bias)  Low risk Protein energy vitamin group: 47/51(92.1%), en-

All outcomes

ergy vitamin group: 50/57(87.7%), vitamin group
45 no missing

Selective reporting (reporting bias)

Unclear risk No protocol available.

Other bias

High risk No data presented on compliance.

Viegas 1982b

Methods

Allocation method not reported.

Participants

130 Asian women in Birmingham, UK < 20 weeks’ gestation (who appeared well-nour-
ished (based on heightand weight) prior to pregnancy, 45 of whom were later considered
“nutritionally at risk” based on inadequate increase in triceps skin folds between 18 and
28 weeks) stratified at 28 weeks according to increase in triceps skinfold during second
trimester (<= 0.02 vs > 0.02 mm/week)

Interventions

Experimental: supplement of flavoured carbonated glucose drink + skim milk powder
providing 425 kcal energy (with 10% of energy as protein), plus vitamins from 28 to 38
weeks.

Control: supplement of flavoured carbonated water containing iron and vitamin C
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Viegas 1982b  (Continued)

Outcomes Gestational weight gain, GA, birthweight, length, and head circumference, placental
weight, and maternal skin folds

Notes 1) Designed as 3-arm trial, but group receiving supplement with 10% of energy provided
as protein combined with energy-only group for this review.
2) No data presented on compliance or dietary substitution.
3) Results for gestational weight gain presented only in graphic form; extracted data are
therefore approximate. ‘
4) Probable misprint in Table II: mean GA in supplemented (EnVi = energy plus vi-
tamins) group assumed to be 39.2 weeks, rather than the 29.2 weeks indicated in the
table.
5) Data on outcomes stratified according to increase in triceps skin folds from 18-28
weeks. Because of harmful effect in those with normal skin folds and no statement that
threshold was established a priori, outcomes from both strata have been combined in
review.
6) Data from ITT analysis extracted from graph; not presented in tabular form.
7) Probable misprint in GA for control group (adequate skinfold stratum) in Table II

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk Members of each group were then assigned at ran-

bias)

dom to 1 of 3 supplement groups

Allocation concealment (selection bias) Unclear risk Allocation method not reported.

Blinding (performance bias and detection  Unclear risk Blinding not reported.

bias) V

All outcomes

Incomplete outcome darta (attrition bias)  Low risk Only 2 missing in EnVi group, reason for perinatal

All outcomes

death with derailed. 128 out of 130 (98.5%)

Selective reporting (reporting bias)

Unclear risk Protocol not available.

Other bias

High risk No data for compliance.

BMI: body mass index

GA: gestational age

1Q: intelligence quotient

ITT: intention to treat

IVGTT: intravenous glucose tolerance test
LBW: low birthweight

LGA.: large-for-gestational age

SD: standard deviation

SEM: standard error of the mean
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UK: United Kingdom

VS: versus

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Aaltonen 2005 Intervention involved advice to alter fat composition of the diet, but not to change its energy or protein
content

Adams 1978 Participants were high-risk women only.

Anderson 1995

The nutritional advice studied does not relate to energy or protein intake, or both

Atton 1990

Not randomised, alternate allocation.

Badrawi 1993

The current inclusion of information about caloric restriction for women who are overweight or obese only
serves to increase confusion as it requires discussion of the clinical implications for 2 different populations,
thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. This trial previously included in the analysis, have now been excluded because the target
population was out of focus

Campbell 1975

The current inclusion of information about caloric restriction for women who are overweight or obese only
serves to increase confusion as it requires discussion of the clinical implications for 2 different populations,
thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. This trial previously included in the analysis, have now been excluded because the target
population was out of focus :

Campbell 1983

The current inclusion of information about caloric restriction for women who are overweight or obese only
serves to increase confusion as it requires discussion of the clinical implications for 2 different populations,
thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. This trial, previously included in the analysis, has now been excluded because the target
population was out of focus

Campbell Brown 1983

Not randomised, alternate allocation.

Clapp 1997

Experimental intervention involved no change in energy or protein intake, but only in the type of carbo-
hydrate in the diet. Moreover, the only outcomes studied were glycaemic (blood glucose) responses to diet
and exercise

Dirige 1987

The nutritional advice studied does not relate to energy or protein intake, or both

Ebbs 1941 Not randomised.
Eneroth 2010 Follow-up analysis of Matlab (MINIMat) study, intervention is not relevant to our review
Fard 2004 RCT of maternal dietary fat modification with no net supplementation of energy or protein
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(Continued)

Fung 2010

Participants are not only pregnant women and outcome is not relevant to our review

Guelinckx 2010

The current inclusion of information about caloric restriction for women who are overweight or obese only
serves to increase confusion as it requires discussion of the clinical implications for 2 different populations,
thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. This trial previously included in the analysis, have now been excluded because the target
population was out of focus

Hankin 1962

Not randomised, allocation by day of week.

Iyengar 1967

Not randomised.

Kaseb 2002

Not randomised, quasi-randomised study.

Kinra 2008

Intervention was not randomised and included both prenatal and postnatal (for the infant/child) supple-
mentation

Lechtig 1975

Despite the original RCT design, the reported results were based on observational analyses of the data. In 1
report of this trial (Delgado 1982), the results were indeed presented according to randomised treatment.
This report was also excluded, however, because the analysis was based on individual women despite
randomisation by village, was limited to women with data on length of gestation, and showed evidence
of major problems in validity of gestational age measurements. Stein 2003, Webb 2005, Stein 2006, and
Hodinott 2008 were also based on the treatment allocation as randomised but were excluded from analysis
of long-term outcomes because the offspring were also supplemented, making it impossible to distinguish
effects of prenatal maternal supplementation from those of postnatal supplementation of the infant/child

Luke 2001

Not randomised or quasi-randomised trial.

Mardones 1988

Not randomised, alternate allocation.

Metcoff 1985

Participants were high-risk women only.

Moses 2006

RCT of diets with high vs low glycaemic index, with no net supplementation of energy or protein

Qureshi 1973

Not randomised, alternate allocation.

Ross 1938

Not randomised, alternate allocation.

Tompkins 1954

The target population was out of focus.

Tontisirin 1986

Not randomised.

Wolff 2008

The current inclusion of information about caloric restriction for women who are overweight or obese only
serves to increase confusion as it requires discussion of the clinical implications for 2 different populations,
thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. This trial previously included in the analysis, have now been excluded because the target
population was out of focus
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(Continued)

Woods 1995

Small (n = 10) cross-over trial of high- vs low-protein diet without control group, but no pregnancy or
offspring outcomes are analysed. The only outcomes reported are renal haemodynamic responses to a meat
meal

RCT: randomised controlled trial

VS: VEersus

Characteristics of ongoing studies /[ordered by study ID]

Moore 2011

Trial name or title

Investigating the effects of pre-natal and infancy nutritional supplementation on infant immune development
in The Gambia: the early nutrition and immune development (ENID) trial

Methods

3-way randomised controlled trial

Participants

Women (aged 18 to 45 years) resident in Kiang West Region, The Gambia, with pregnancy confirmed by
urine test and ultrasound examination and with gestational age approximately 10-20 weeks.

Interventions

4 pregnancy interventions, to be given daily from 12 weeks’ gestation until delivery:

1. FeFol: iron-folate, 60 mg iron 400 pg folate, representing the usual standard of care during pregnancy, as
per Gambian Government guidelines (control group).

2. Multiple micronutrients: a combination of 15 micronutrients, specifically designed for use during preg-
nancy, and as formulated by UNICEE A single tablet provides the recommended dietary allowance for each
micronutrient, but we will supplement women in this arm of the trial with 2 daily MMN tablets.

3. PE + FeFol: protein-energy and iron-folate. A food-based supplement developed by Valid International,
providing a comparable level of iron and folate to the FeFol only arm, but with the addition of energy, protein
and lipids.

4. PE + MMN: protein-energy and multiple micronutrients. A micronutrient fortified food-based supplement
also developed by Valid International, and providing comparable levels of micronutrients to the MMN arm
(including FeFol), in addition to the energy and protein and lipid content.

Outcomes

Infant immunity development

Starting date

01/10/2009

Contact information

Dr Sophie Moore

smoore@mrc.gm

Notes

ISRCTN49285450, Anticipated end date 30/09/2013
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DATA AND ANALYSES

Comparison 1.

Nutritional advice during pregnancy

Outcome or subgroup title

No. of No. of
studies  participants

Statistical method

Effect size

1 Stillbirth
2 Neonatal death
3 Birthweight (g)

4 Birth length (cm)

5 Birth head circumference (cm)
6 Small-for-gestational age

7 Preterm birth

8 Gestational age (week)

9 Protein intake (g/day)

10 Energy intake (kcal/day)

11 Total gestational weight gain

(kg)

1 431
1 448
2 426
1 399
1 389
1 404
2 449
1 399
3 632
3 342
2

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Random, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Random, 95% CI)

0.37 [0.07, 1.90]
1.28 [0.35, 4.72]
205.75 [-242.54,
654.03]

0.17 [-0.72, 1.06]
0.99 [0.43, 1.55]
0.97 [0.45, 2.11]
0.46 [0.21, 0.98]
-0.10 [-0.48, 0.28]
6.99 [3.02, 10.97]
105.61 [-18.94, 230.
15]

Totals not selected

Comparison 2. Balanced protein/energy supplementation in pregnancy

Outcome or subgroup title

No. of No. of
studies participants

Statistical method

Effect size

1 Scillbirth
2 Neonatal death
3 Birthweight (g)

3.1 Undernourished women

3.2 Adequately nourished
women
4 Birth length (cm)
5 Birth head circumference (cm)
6 Small-for-gestational age
7 Preterm birth
8 Gestational age (week)
9 Weekly gestational weight gain
(g/week)
10 Pre-eclampsia
11 Bayley mental score at 1 year
12 1Q at 5 years
13 Weight at 1 year (g)

14 Length at 1 year (cm)

5 3408
5 3381
11 5385
8 2903
6 2482
5 3370
5 3352
7 4408
5 3384
6 3471
9 2391
2 463
1 411
1 153
2 623
1 428

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Random, 95% CI)
Mean Difference (IV, Random, 95% CI)

Mean Difference (IV, Random, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Random, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Random, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)

0.62 [0.40, 0.98]
0.68 [0.43, 1.07]
40.96 [4.66, 77.20]
66.96 [13.13, 120.
78]

15.93 [-20.83, 52.
69]

0.16 [0.01, 0.31]
0.04 [-0.08, 0.17]
0.79 [0.69, 0.90]
0.96 {0.80, 1.16]
-0.10 [-0.22, 0.01]
18.63 [-1.81, 39.07]

1.48 [0.82, 2.66]
-0.74 [-1.95, 0.47]
0.0 [-4.98, 4.98]
30.43 [-139.67, 200.
53]

0.0 [-5.69, 5.69]
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15 Head circumference at 1 year
(cm)
16 Duration of labour (hours)
17 Maternal weight 4 weeks’
postpartum (kg)
18 Height at age 11-17 years (cm)
18.1 Boys
18.2 Gitls
19 Weight at 11-17 years (kg)
19.1 Boys
19.2 Girls
20 Systolic blood pressure at age
11-17 years (mmHg)
20.1 Boys
20.2 Girls
21 Diastolic blood pressure at age
11-17 years (mmHg)
21.1 Boys
21.2 Gils
22 BMI z-score at age 11-17 years
22.1 Boys
22.2 Girls
23 % body fat at 11-17 years
23.1 Boys
23.2 Girls

et bk ek pd e e

= b et ek ek ek ek e

627

345
354

855
445
410
855
445
410
855

445
410

855

445
410
855
445
410
847
440
407

Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

-0.13 [-0.35, 0.10]

-0.09 [-1.18, 1.00]
-0.90 [-1.92, 0.12]

-0.39 [-1.73, 0.94]
0.60 [-1.40, 2.60]
-1.20 [-3.00, 0.60]
0.46 [-0.77, 1.69]
0.70 [-0.89, 2.29]
0.10 [-1.86, 2.06]
0.60 [-0.61, 1.81]

1.10 [-0.61, 2.81]
0.10 [-1.60, 1.80]
-0.08 [-1.10, 0.93]

0.5 [-0.98, 1.98]
-0.60 [-1.99, 0.79]
0.16 {0.01, 0.31]
0.20 [0.00, 0.40]
0.10 [-0.13, 0.33]
0.06 [-0.41, 0.52]
0.0 [-0.54, 0.54]
0.20 [-0.68, 1.08]

Comparison 3. High protein supplementation in pregnancy

Outcome or subgroup title

No. of

studies participants

No. of

Statistical method

Effect size

1 Stillbirth

2 Neonatal death

3 Small-for-gestational age
4 Birthweight (g)

5 Preterm birth

6 Weekly gestational weight gain
(g/week)

7 Weight at 1 year (g)

8 Length at 1 year (cm)
9 Head circumference at 1 year
10 Bayley mental score at 1 year

ok bk ke

529
529
505
504

505
486

409
412

412
396

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Risk Ratio (M-H, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

Mean Difference (IV, Fixed, 95% CI)
Mean Difference (IV, Fixed, 95% CI)

0.81[0.31, 2.15]
2.78 [0.75, 10.36]
1.58 [1.03, 2.41]
-73.0 [-171.26, 25.
26]

1.14 [0.83, 1.56)
4.5 [-33.55, 42.55]

61.0 [-184.60, 306.
60]

0.20 [-5.59, 5.99]
0.11 [-0.19, 0.41]
0.32 [-0.91, 1.55]
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Comparison 4. Isocaloric balanced protein supplementation in pregnancy

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size
1 Birthweight (g) 2 184 Mean Difference (IV, Random, 95% CI) 108.25 [-220.89,
437.40]

2 Weekly gestational weight gain 2 184 Mean Difference (IV, Random, 95% CI) 110.45 [-82.87, 303.
(g/week) 76]

WHAT’S NEW

Last assessed as up-to-date: 22 December 2011.

Date Event Description

22 July 2011  New citation required and conclusions have changed

Nutritional advice to increase energy and protein intakes is
associated with significant increases in protein intake. Bal-
anced energy and protein supplementation is associated with
significant increases in mean birthweight, although this dif-
ference disappeared after excluding one trial of weekly gesta-
tional weight gain. The other findings have not changed

22 July 2011  New search has been performed

A new team of review authors prepared this updated review.
Search updated. Ten new trials identified: one has been in-
cluded (Huybregts 2009) and eight excluded (Aaltonen 2011;
Behrman 2009; Eneroth 2010; Fung 2010; Guelinckx 2010;
Laitinen 2009; Luoto 2010; Rasmussen 2010). One trial is
ongoing (Moore 2011).

The methods section has changed to include only RCTs and
exclude quasi-RCTs or cross-over trials

Six trials (Atton 1990; Campbell Brown 1983; Hankin 1962;
Iyengar 1967; Mardones 1988; Ross 1938), previously in-
cluded in the analysis, have now been excluded because of
their quasi-RCT design

The current inclusion of information about caloric restric-
tion for women who are overweight or obese only serves to
increase confusion as it requires discussion of the clinical im-
plications for two different populations, thus we excluded the
outcome of “energy and protein restriction in women who
were overweight or showed high weight gain”

Five trials (Badrawi 1993; Campbell 1975; Campbell 1983;
Guelinckx 2010; Wolff 2008), previously included in the
analysis, have now been excluded because the target popula-
tion was out of focus

Three reports from an updated search in July 2012 have been
added to Studies awaiting classification for consideration at
the next update
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HISTORY
Protocol first published: Issue 2, 1997
Review first published: Issue 2, 1997

Date Event

Description

22 December 2009 New search has been performed

Search updated. One new trial included (Wolff 2008) and two excluded
(Aaltonen 2005; Kinra 2008).

2 September 2008 Amended

Converted to new review format.

30 November 2006  New search has been performed

New search conducted in November 2006 identified eight new reports
to evaluate (Anderson 1995; an additional report of Clapp 1997; Fard
2004; Kaseb 2002; Moses 2006; additional reports of Lechtig 1975; Woods
1995), none of which were eligible for inclusion in the update. We have
substantially updated the Methods of the review section

1 August 2003 New search has been performed

This updated review combines and replaces five previous Cochrane re-
views entitled "Balanced protein/energy supplementation in pregnancy’,
"Energy/protein restriction for high weight-for-height or weight gain during
pregnancy’ (CDSR 1996a), 'High protein supplementation in pregnancy’
(CDSR 1996b), "Isocaloric balanced protein supplementation in pregnancy’
(CDSR 1996¢) and ’Nutritional advice in pregnancy’ (CDSR 1996d).

This combination was suggested by colleagues in the field, the PCG editors,
and by the Cochrane Pregnancy and Childbirth Group’s Consumer Panel

CONTRIBUTIONS OF AUTHORS

Erika Ota (EO) and Rintaro Mori (RM) independently rated all the included studies for the risk of bias tables from the previous review.
EO and Rupuam Tobe-Gai (RT) jointly applied the study selection criteria and extracted data from the included studies for updated
trials. EO edited the updated results. RT, RM and Diane Farrar (DF) revised the manuscript. All the authors read and approved the

final version to be published.

DECLARATIONS OF INTEREST

None known.
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SOURCES OF SUPPORT

Internal sources

e The University of Tokyo, Department of Global Health Policy, Graduate School of Medicine, Japan.

External sources

e Department of Reproductive Health and Research and Department of Technical Cooperation among Countries, World Health

Organization, Geneva, Switzerland.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

The methods section has changed to include only randomised controlled trials (RCTs) and to exclude quasi-RCTs or cross-over trials.
Six trials (Atton 1990; Campbell Brown 1983; Hankin 1962; Iyengar 1967; Mardones 1988; Ross 1938), previously included in the
analysis, have now been excluded because of their quasi-RCT design. The current inclusion of information about caloric restriction
for women who are overweight or obese only serves to increase confusion as it requires discussion of the clinical implications for two
different populations, thus we excluded the outcome of “energy and protein restriction in women who were overweight or showed
high weight gain”. Five trials (Badrawi 1993; Campbell 1975; Campbell 1983; Guelinckx 2010; Wolff 2008), previously included in
the analysis, have now been excluded because the target population was out of focus. Six trials (Atton 1990; Campbell Brown 1983;
Hankin 1962; Iyengar 1967; Mardones 1988; Ross 1938), previously included in the review, have now been excluded because of quasi-
RCT design.

We have added subgroup analysis from original protocol since observational studies IOM 1990; Kramer 1987) suggest a stronger
association between gestational weight gain and fetal growth in women who were under-nourished before pregnancy, we stratified the
analysis of the effects on mean birthweight into those trials in which the majority of women had low pre-pregnancy (or early pregnancy)
weight (Ceesay 1997; Girija 1984; Kardjat 1988; Mora 1978; Rush 1980), and those in which the participants appeared adequately
nourished (Elwood 1981; Ross 1985; Viegas 1982a). For the Taiwan trial (Blackwell 1973) and (Huybregts 2009; Viegas 1982b),
within-trial stratification was possible, based on data contained in the published reports. Because growth varies with differences in sex
(Onis 2007), it is desirable to compare growth between groups after adjusting for variations by sex. We conducted subgroup analysis
separated by sexes for follow-up results of balanced protein and energy supplementation at the age of 11 to 17 years (height, weight,
systolic blood pressure, diastolic blood pressure, BMI z-score, and body fat).

INDEX TERMS

Medical Subject Headings (MeSH)

*Energy Intake; Diet [*methods]; Dietary Proteins [*administration & dosage]; Dietary Supplements; Fetal Development; Pregnancy
Outcome; Premature Birth [prevention & control]; Prenatal Care [*methods]; Randomized Controlled Trials as Topic; Stillbirth;
Weight Gain

MeSH check words

Female; Humans; Pregnancy
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Abstract

Background: Bangladesh has a high proportion of households incurring catastrophic health expenditure, and very limited
risk sharing mechanisms. Identifying determinants of out-of-pocket (OOP) payments and catastrophic health expenditure
may reveal opportunities to reduce costs and protect households from financial risk.

Objective: This study investigates the determinants of high healthcare expenditure and healthcare- related financial
catastrophe.

Methods: A cross-sectional household survey was conducted in Rajshahi city, Bangladesh, in 2011. Catastrophic health
expenditure was estimated separately based on capacity to pay and proportion of non-food expenditure. Determinants of
OOP payments and financial catastrophe were estimated using double hurdle and Poisson regression models respectively.

Results: On average households spent 11% of their total budgets on health, half the residents spent 7% of the monthly per
capita consumption expenditure for one illness, and nearly 9% of households faced financial catastrophe. The poorest
households spent less on health but had a four times higher risk of catastrophe than the richest households. The risk of
financial catastrophe and the level of OOP payments were higher for users of inpatient, outpatient public and private
facilities respectively compared to using self-medication or traditional healers. Other determinants of OOP payments and
catastrophic expenses were economic status, presence of chronic illness in the household, and illness among children and
adults.

Conclusion: Households that received inpatient or outpatient private care experienced the highest burden of health
expenditure. The poorest members of the community also face large, often catastrophic expenses. Chronic illness
management is crucial to reducing the total burden of disease in a household and its associated increased risk of level of
OOP payments and catastrophic expenses. Households can only be protected from these situations by reducing the health
system’s dependency on OOP payments and providing more financial risk protection.
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Introduction

The fundamental role of a healthcare system is not only to
improve population health but also to protect households from
financial catastrophe associated with illness [1]. Out-of-pocket
(OOP) payments for healthcare can cause households to incur
catastrophic expenditures, pushing them into poverty [2,3].
Globally, approximately 44 million households face catastrophic
health expenditure annually, and about 25 million households are
pushed into poverty by their health expenses [4,5]. In countries
where risk pooling mechanisms are available people are protected
from catastrophic spending [4] but many low- and middle-income
countries experience high OOP payments and lack risk-sharing
mechanisms, forcing households into hardship, asset depletion,
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debt, reduction of essential consumption, and sometimes financial
catastrophe [4-11].

Like many developing countries, Bangladesh is also facing the
double burden of disease [12,13], OOP payments remain the most
important source of funding for healthcare, and health insurance is
almost nonexistent except for small pockets of NGO-financed
schemes [14]. Despite the possibly high incidence of catastrophic
expenses and high OOP expenditure in Bangladesh [15,16], we
are not aware of any study detailing determinants of OOP
payments and catastrophic expenditures. To date, the only two
studies reporting overall incidence of catastrophic expenses in
Bangladesh are multi-country studies that present contradictory
findings because of data limitations and methodological differences
[16,17]: one of them found a very low (1.2%) incidence of
catastrophic expenditure [17], while the other found a very high
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incidence (15%) [16]. They also did not explore variations in OOP
payments and catastrophic spending by healthcare facility, or by
household or individual characteristics such as the presence of
chronic illness. Several studies suggested that illness among a child
or adult, presence of chronic illness [18-21], lack of health
insurance [9,10,17,22], and use of inpatient or outpatient care
[8,10,19,21-25] are key factors in high OOP payments and
catastrophic health expenditure, but very few studies have
considered these factors simultaneously. An interesting study in
India examined determinants of OOP payments but did not
extend the analysis to the associated problem of catastrophic
expenditure [21]. Our study expands on this methodology to
include assessment of the incidence of catastrophic expenditure,
which is a key measure of the extent of financial risk protection as
it judges whether the existing health financing system is able to
protect its residents from the consequences of OOP payments
[26].

Thus, previous estimates may have provided an incomplete
picture of the impact of medical expenses on populations with a
high prevalence of chronic illness and limited risk-pooling
mechanisms. In designing healthcare financing systems, policy
makers need to understand determinants not just of OOP
payments, but also the related problem of catastrophic health
expenditure associated with high OOP payments [17]. To address
these questions, the study aims to investigate two closely linked
phenomena: the determinants of OOP payments and catastrophic
expenditure in Bangladesh. These analyses are conducted using
double hurdle and Poisson regression models in combination with
a probability survey.

Data and Methods

Study area

The study was conducted in Rajshahi city, Bangladesh, which is
the third largest city in the country and broadly representative of
many urban areas in Bangladesh [27]. Rajshahi has a population
of 4.59 million, with an average household size of about five. The
literacy rate is 71% and 62% for males and females respectively
[27]. In rural areas of Bangladesh, there are some supplementary
health financing programs such as demand-side financing (DSF),
which reduce financial barriers to maternal healthcare among
poor women. However, these programs do not exist in urban areas
[28], where households suffer more illness, particularly non-
communicable diseases (NCDs), and use more health facilities
compared to rural households. Therefore, this study focused on
urban areas of Rajshahi, in order to examine how urban
households deal with OOP health expenditure in the absence of
risk protection mechanisms like DSF or health insurance.

Study design

A cross-sectional three-stage cluster sampled household survey
was performed during August to November 2011. The primary
sampling unit (PSU) was the Mahallah, the lowest administrative
region of a Bangladeshi city. In the first stage, 40 clusters were
randomly selected from 159 eligible PSUs with probability
proportional to size. In the second stage, a fixed number (40) of
buildings was selected by systematic random sampling from each
chosen cluster based on a household listing operation to provide
the necessary frame for selecting buildings. During the final stage,
one household was randomly selected from each building, with a
target sample of 1600 households. Of these households, only seven
refused interview or were not available to be interviewed, and the
final effective sample size was 1593 households, resulting in a
response rate of 99.6%.
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Data collection

Respondents were administered a structured questionnaire
developed based on the Bangladesh Household Income and
Expenditure Survey (HIES) [29], and the Living Standards
Measurement Survey (LSMS) [30]. The questionnaire was
translated from English to Bengali and a pilot study was performed
in order to detect implementation difficulties. Field activities were
supervised by the study coordinator with the help of the University
of Rajshahi, Bangladesh. Twenty-seven interviewers (social
science, demography and statistics graduates with experience in
survey methods) and five supervisors were recruited to administer
this survey. All of them received 10 days’ training and two days of
practical sessions on the content of the questionnaire, techniques
to elicit more information and strategies for obtaining complete
and reliable data. For clarification of the research purpose, an
interviewer and supervisor operational manual was provided two
days before their training started, to ensure they understood their
duties and responsibilities.

The respondents in this study were the women in the household,
the household head, or the most knowledgeable person in the
household, where necessary. Informed consent was obtained prior
to conducting the interviews. The survey questionnaire contained
two main sections: the household questionnaire and the individual
illness questionnaire. The household questionnaire covered survey
and household identification and household consumption expen-
diture, including food consumption, non-food expenditure, hous-
ing and durable goods; the individual questionnaire contained
demographic information such as age, sex, marital status,
education and occupation of individuals in the household, and
health problems in the past 30 days. The food consumption
section covered purchased, home-produced and in-kind consump-
tion in the past 30 days or past 12 months prior to interview.
Following the same recall process as food consumption, the non-
food expenditure section also covered purchased and in-kind
goods. Housing rent or equivalent rents were recorded in the past
30 days and the durable goods section recorded detailed
information on number of items, duration, present and past value
of the most recent items in the one year recall period. Cost of
medical expenses including fees (consultation/investigation fees,
blood tests, etc.), drugs and medical supplies, transport costs for
patients and accompanying family members, and other costs were
recorded for each episode of illness in the past 30 days prior to
interview. All expenditure was recorded in the Bangladeshi
currency, taka (TK). In addition, data on timing and cost of all
episodes of illness, care-seeking behavior and inpatient or
outpatient care were recorded for the past 30 days prior to
interview.

Measures of the burden of OOP payments

Consistent with common definitions, OOP healthcare expen-
diture was defined as ‘catastrophic’ if it exceeded 40% of
household non-food expenditure or capacity to pay in the past
30 days [5,17,31,32]. Total household consumption expenditure
was calculated according to the living standard measurement
survey guidelines [33] and household consumption quintile was
determined using the approach of Xu and colleagues [17].
Household consumption expenditure is the sum of food consump-
tion, non-food expenditure, housing, and durable goods. Cata-
strophic healthcare expenditure and consumption quintile were
calculated using household total consumption expenditure,
capacity to pay and equivalent household size. This equivalent
scale is used, rather than actual household size, because in low-and
middle-income countries household consumption expenditure
increases with increases in household size but that increase is less

February 2013 | Volume 8 | Issue 2 | 56873



than proportionate to the increase in household size [17]. We also
calculated the ratio of medical expenses intensity proposed by
Dror and colleagues [21]. This medical expenses intensity ratio
was estimated by dividing the average medical expenses per
episode of illness by the average consumption expenditure per
household member. We excluded from this analysis the house-
holds whose household members did not suffer any kind of illness
in the recall period. This ratio was then calculated for each
expenditure quintile, as a measure of the burden of OOP
payments standardized for illness intensity and household size.

Statistical analysis

Descriptive statistics were calculated using the mean (confidence
interval), median (inter-quartile range) or frequency and propor-
tions as appropriate. Trend tests were performed using the
Mantel-Haenszel chi-square test for categorical variables and
linear regression analysis for continuous variables, with ordinal
numbers (1-5) assigned to the quintile categories. Double hurdle
and Poisson regression models were used to identify the
determinants of OOP payments and catastrophic expenditure,
respectively. A brief description and motivation of the models is
given below.

The double hurdle regression model

Reporting of zero expenditure is quite common in household
consumption expenditure surveys. For example, both medical and
tobacco consumption expenditure are zero for many individuals or
households over a survey recall period. In addition, participation
in expenditure and the magnitude of expenditure may not be
statistically independent [34,35], and the same stochastic process
may not affect participation and consumption level decisions. We
used a double hurdle model to overcome these problems
[23,35,36]. This model requires a subject to pass a consumption
decision hurdle before the level of consumption can be modeled.
The first hurdle involves the decision about whether or not to
participate in healthcare consumption (the participation decision,
modeled in the double hurdle model with a probit function). It is
reasonable to assume that participation in healthcare spending is
influenced by social and demographic factors [35,37]. The second
hurdle concerns the level of health expenditure (the consumption
decision, handled with a Tobit function). Thus the model uses
information on both the probability and magnitude of expenditure
simultaneously in assessing predictors of consumption.

The double hurdle model was used to assess the relationship
between demographic and household variables and the size of
OOP expenses. The dependent variable for the probit model is a
dichotomous variable that indicates whether OOP expenses were
incurred (the participation decision). The Tobit regression model
analyses the natural logarithm of OOP payments as a function of
the covariates (the consumption decision). This model can be
presented symbolically through two related equations for partic-
ipation and consumption.

Observed consumption:

y=dy” (m)

Participation equation:

w=o'z+1u, u]V(O,l)
{ 1ifw>0
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Consumption equation:

Y =Fx+v, vN 0,0
{ Y if y >0

0 otherwise

Where d is a latent variable describing the household’s decision to
participate in the OOP healthcare expenditure, y* is another latent
variable describing household level of healthcare expenditure, y is
the observed dependent variable (household expenditure on
healthcare expenditure), z is a vector of variables explaining the
participation decision, and x is a vector of variables explaining the
expenditure decision. According to Jones, the likelihood function
can be written as [34]:

©)
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L=TIy[1—D(dz, B x,p)] xT1+&
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Where zero consumption is denoted as 0 and positive consumption
is indicated with a +. In this likelihood function, p then denotes
probability of expenditure, ® and ¢ denote distributions and
density functions, respectively, and f()=39(.)/®(.). The coeffi-
cients for the model are then obtained by maximizing the
likelihood (equation (4)).

Poisson regression model

In the case of rare events, Poisson regression can provide more
accurate estimates than logistic regression [38,39]. Because
catastrophic health expenditure can be a rare event, in our study
a multiple Poisson regression model was used to identify the
determinants of catastrophic expenditure, with model selection
based on backward stepwise model-building. This model is well-
established for the analysis of counts of rare events [38,39].

All analyses at both the univariate and multiple regression stages
were adjusted for the probability sample design. Statistical analysis
was performed using Stata/SE Version 12.0.

Covariates

The study modeled households’ OOP health payments and risk
of catastrophic expenditure as a function of household character-
istics and economic status and presence of illness and care-seeking
behavior, using average illness per child and adult as a measure of
illness [20]. Past studies suggested that average number of illnesses
per child and adult is less likely to incur bias due to household age
structure and more accurately reflects disease occurrence within a
household than absolute number of illnesses [20]. In Bangladesh,
households often use local, privately-run traditional healers or
pharmacists as their prime point of care, and health-seeking
behavior in this study was thus classified in three forms: traditional
healers/self-medication/no care, outpatient, or inpatient services.
Outpatient and inpatient services could be public or private
facilities, but traditional healers, pharmacists and other forms of
unregulated care provider are always privately run. The small
number of respondents receiving inpatient care in this sample
precluded separate presentation of this variable by private and
public type, but outpatient facilities were divided into public and
private facilities. We also could not consider the role of NGO
providers separately, because very few households (13 households)
in the study sample used NGO-based health services. As a result,
these services were combined with private outpatient services
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during analysis. In our study, care-secking behavior was then
grouped into five categories: inpatient care included those staying
overnight in either a hospital or clinic; outpatient public facilities
included district/sadar hospitals, maternal and child welfare
centers (MCWC), urban health centers, family welfare centers
(FWC), government satellite clinics, diabetic centers, other
government facilities; outpatient private facilities included private
hospitals or clinics, NGO clinics or satellite clinics, and qualified
allopathic practitioners (MBBS doctors); both outpatient public
and private included those who used outpatient public and private
services simultaneously in the past 30 days, self-medication
including drugs obtained at a pharmacy or drugstore, kabiraj or
spiritual healers, homeopathic practitioners, shops, other tradi-
tional healers, or no service of any kind.

Ethical considerations

This study received ethical approval from the Ethics Committee
of The University of Tokyo and the Bangladesh National
Research Ethics Committee, with reference number BMRC/
NREC/2010-2013/1161. About one third of the population in
Rajshahi city are still illiterate and even written consent is not
common practice among them. Therefore, a consent form to
obtain and document verbal or written consent from respondents
was proposed and approved by the Ethics Committee together
with the study protocol. Prior to the interview, our enumerator
carefully read the consent form to the subject and then very briefly
explained the aims and importance of the study. This consent form
contained information on the objectives of the study, risks, benefits
and freedom of participation, and confidentiality.

Results

Background characteristics and OOP payments

The incidence of catastrophic healthcare expenditure by illness,
care-seeking behavior and household level characteristics is
presented in Table 1. Table 1 also shows household characteris-
tics. Of the 1593 households sampled, average total monthly
household consumption expenditure was TK 15749.0 (US §
209.5) (95% CI 10064.3-23720.0), 91.2% (95% CI 88.5-93.2) had
incurred positive health expenditure and the share of OOP
payments was about 10.6% (95% CI 8.6-12.5) of total expendi-
ture. On average, residents spent TK 138.0 (US$ 1.8) (95% CI
42.5-366.6) per month on health-related goods and services.
During the past 30 days recall period, 1501 households (about
94%) had at least one illness episode. Of these, 1148 (71%)
households had at least one chronic illness and the average
number of illnesses was 2.8 per household (95% CI 2.6-2.9).
Overall, nearly 9% of the households incurred catastrophic
healthcare expenditure at a capacity to pay threshold of 40%.
At a non-food expenditure threshold of 25% and 40%, the
incidence of catastrophic expenditure was 9.8% and 17.6%
respectively. Figure 1 shows the association between household
consumption quintile and per capita OOP payments and
proportion of households facing catastrophic health expenditure.
There was a statistically significant trend towards higher OOP
expenditure in wealthier households (p<<0.01) but lower risk of
catastrophic expenditure (p<<0.01). The average total cost of illness
per household, per capita monthly expenditure and the medical
expenses intensity ratio (the ratio of these two variables) are
presented in Table 2. The overall median cost of one illness
episode and per capita monthly consumption expenditure was TK
242 and TK 3517 respectively and these costs differed significantly
by consumption quintile (p-value for trend p<<0.01). About 50% of
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residents spent an amount equivalent to at least 7% of monthly per
capita consumption expenditure on one episode of illness.

Determinants of OOP healthcare expenditure

Results of the double hurdle model are presented in Table 3.
Because all subjects who received inpatient care incurred OOP
payments, care-seeking behavior could not be included as a
determinant of decision to spend, but was included in the second-
stage equation. The participation and consumption decisions were
not independent (X2(1> =8.88; p<<0.01), indicating a double hurdle
model is appropriate for this data. Presence of chronic illness,
household size, average illness per child and adult, care-seeking
behavior, education level of the household head and household
consumption quintile significantly affected the level of household
OOP healthcare spending.

Determinants of catastrophic healthcare expenditure

Table 4 shows the results of the Poisson regression model of risk
of catastrophic expenditure, defined as an expense in excess of
40% of the household capacity to pay (40% threshold) in the past
30 days. The average number of illnesses, both per child and per
adult, significantly increased the relative risk of incurring
catastrophic payments, by 1.12 times and 1.47 times for a single
additional average illness in children and adults, respectively. The
relative risk of catastrophic expenditure relative to households who
used traditional healers or pharmacies only was higher for private
than public outpatient facilities, and higher still for households
who used both public and private outpatient facilities. Hospital-
ization was the biggest risk factor for catastrophic expenses.
Households in the poorest quintile had more than four times the
risk of catastrophic expenditure than the richest quintile and as the
household head’s education level declined the relative risk of
catastrophic health expenditure increased.

Discussion

This paper, based on a representative household survey in
Rajshahi city, Bangladesh, is the first to consider illness, care-
seeking behavior, demographics of the household head, and
household economic characteristics as household-level predictors
of OOP payments and catastrophic expenditure. It is also among
the few examples of studies that have reported the incidence of
catastrophic healthcare expenditure in Bangladesh [16,17], and
the first to estimate this incidence from a representative,
probability-sampled survey.

This study found that sampled households, none of whom have
any form of risk-pooling insurance, spend about 11% of their total
household budget on healthcare, and nearly 9% of households
experience financial catastrophe. At a 25% non-food expenditure
threshold, the incidence of financial catastrophe was similar to
another published study, at 18% [16]. The study demonstrated
that the medical spending associated with an illnesses episode
increased as household consumption expenditure increased, which
is similar to another study in India [21]; however, we showed that
despite this increase in spending, the risk of catastrophic
expenditure decreased with household consumption expenditure.
In addition to the common finding that household consumption
quintile and receiving inpatient care are associated with financial
catastrophe, this study showed the importance of the average
number of illness episodes among children and adults, and the
presence of chronic illness in a household as key determinants of
high OOP payments and financial catastrophe. Higher levels of
education in the household head were also protective against OOP
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Figure 1. Association between household consumption quintile and per capita OOP payments and catastrophic expenditure.

doi:10.1371/journal.pone.0056873.g001

spending and catastrophic expenditure, similar to other developing
countries [8,25].

This study revealed that the per capita monthly OOP health
expenditure made by households was TK 138.0 (US$ 1.8), which
is similar to national-level findings in Bangladesh [15]. The
estimated proportion of catastrophic expenditure in our study is
consistent with van Doorslaer et al [16] but contradicts the
findings (1.2%) of Xu and colleagues [17], though our study
supports their findings that poor households were less able to cope
with any level of health payment than rich households [19,40,41].
The disagreement in proportions of catastrophic expenditure
between our study and Xu et al is likely to be due to differences in
data and measurement methods. Their study used the Bangladesh
HIES, which mainly emphasized poverty assessment and was not
designed to account for details of household illness and their
treatment responses or costs. According to Xu and colleagues, the
estimated proportion of households facing catastrophic expendi-
ture in Bangladesh may be underestimated in the 1995 HIES
survey due to missing information such as the absence of durable
goods from the consumption calculation, and the very limited
information collected on episode-of-illness level healthcare expen-
diture data, and care-seeking behavior. In their study, van
Doorslaer and colleagues estimated the incidence of catastrophic
expenditure based on total household consumption and non-food
expenditure but they did not assess the incidence of catastrophic
expenditure using household capacity to pay. In contrast, our
study considered all household members who suffered any illness
and their treatment response in the past 30 days, and then
collapsed information into household level for analysis purposes.
Therefore, our study offers more accurate information than the
previous two studies conducted in Bangladesh, and also used a
more detailed and accurate methodology for estimating the
burden of OOP payments, with adjustments for household size
and capacity to pay [42].

Consistent with other studies [19,20,22,43-46], although the
richest households reported more illness, spent more on health and
utilized more private facilities compared to the poorest quintile,
risk of financial catastrophe was higher in the poorest households,
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indicating that the burden of financial catastrophe falls dispropor-
tionately on the poor. The three key preconditions for catastrophic
health expenditure are the presence of health services requiring
payments, low capacity to pay, and lack of prepayment or health
insurance options [17]. These conditions are all present in the
poorest households in Bangladesh, and the high proportion of
catastrophic expenses in the lowest quintiles points to the urgent
need to remove one or all of these preconditions. For example, the
OOP share dropped markedly following the introduction of health
insurance in China [47], Vietham [48], and India [49], and the
introduction of even basic prepayment or health insurance systems
in Bangladesh may have a similar effect on the poorest households.

Our analyses demonstrate a negative impact of average illness
per child and adult, and presence of chronic illness in the
household, on the household economy. These results are similar to
the determinants of catastrophic expenditure in Burkina Faso and
India [18,20], such as lack of formal education, tuberculosis,
diabetes, dementia, modern medical care, number of illness
episodes among adults and chronic illness. In concordance with
results from India [21], the level of OOP payments is higher
among those who used inpatient care services and suffer from
chronic illness. Moreover, the study also revealed the importance
of the average number of illness episodes among children and
adults, and larger household size as key factors responsible for high
OOP payments. Chronic care for NCDs puts an enormous and
continuous financial strain on household budgets. The costs of
care of chronic NCDs often contribute to increased OOP
payments, pushing households into impoverishment or below the
poverty line [3,50]. In such critical situations, only a strong risk
pooling mechanism can prevent the poorest households from risk
of financial catastrophe. Health insurance can have the dual
function of protecting families against health shocks that increase
healthcare needs, and against economic shocks that reduce their
capacity to finance healthcare [51].

Type of health service used was also another important
determinant of OOP payments and financial catastrophe, with
intensity of OOP payments at public outpatient facilities lower
than private outpatient facilities. These findings are similar to
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Table 1. Incidence of catastrophic health expenditure by illness and household characteristics.

Frequency of catastrophic
Variable Frequency (n=1593) expenditure Proportion (95% Cl) P-value

lliness and care-seeking behavior

Care-seeking behavior

Inpatient ; : ekl Cai . 68,5 (56.6-78.4) <001
Outpaﬁent public 253 23 9.0 (5.6-14.2)
_ Outpatient private ==~ o385 [ . 93(65-13)
Outpétieht public and private 105 ~~ ‘ 14‘ 169 (10.2—-26.8)
k ‘SeIf-rheditation/tradifionaI,:,VH‘e,ale'r, 785 - :’;, S - b 238 (1,,.6—,‘4.8)'
Membef with chfonic disease ’ ' '
Yes ool a1 T e s e . 105(83-133) o

No 445 22 5.2 (3.1-8.5)
Household characterlstlcs e o E ' g e k

Household member over 65 years

Yes. ~ ~ : 136 e ; , 110(64-183) 04
No ' 1457 121 8.8 (7.0-11.1)
Gender of h’quseho!d head e A i
Male o 1447 124 8.’9 (7.2-11.0) ' 0.9
CFemale ot e D e gt 3 S 95 (42-199) o
Educatlonal status of househoid head ' ' ' '
No educatlon 5 o " ’ ~‘ 258 . . ‘,’ 5 e e ; 152 (”1-205) . - <001 S
Primary o R “310' ‘ . 38 1i.4 (7.8—16.6)’
CSecondary T o na i Benigo il gs e S 72(50-102)

Higher 605 30 59 (4.1 -8.4)

Househdld consumptlon qumt!le e o ni Sk : ’ : . : S :
Quintile 1 (poorest) 319 47 143 (103 19.6) <0.01

QumtlleZ" - 319 ’ . e ey s i [' 97(62—150)
Quintile 3 ‘ - / 318 ' 30 9.2 (5.7-14.5)
auitled o s L0 e sy
Quintile 5 (richest) 318 ' 10‘ ' ' ' 3.4 (1.7-6.4)

All percentages and confidence intervals incorporate the effect of the probability sampling structure.
doi:10.1371/journal.pone.0056873.t001

several studies from developing countries [8,52] but at variance remains high for users of these facilities. This suggests that
with a Nepalese study [25,44]. Although public health facilities in subsidized programs may not be working properly among
Bangladesh are heavily subsidized by the Government [53,54], the disadvantaged groups. One reason could be that unofficial fees
risk of incurring OOP expenditure as well as catastrophic spending in public facilities can significantly exceed the amounts expected in

Table 2. Ratio between cost of illness per household and monthly expenditure per household member.

Median cost (TK) per Median expenditure (TK) per
Characteristics iliness episode household member Median ratio of cost/income ratio

Consumption quintile

Quintile 1 (poorest) 150 1785 0.08
mtllez Lo 188 . L Trr 007 G
Qumtlle 3 242 3481 0.07
Quintile . e L s
Qumnle 5 (nchest) 467 7944 0.05
Total i 24 e ,35‘17: . ,,,,,0,'.07,;{
P- value for trend P<0.01 P<0.01 P<0.01
doi:10.1371/journal.pone.0056873.t002
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official payments, and fee exemptions are not always possible [53],
suggesting that public facilities are not providing their expected
financial protection in practice. Another possible reason is the
need to purchase drugs and ancillary health services such as
medicines or tests on the private market. This suggests the need for
state-subsidized public clinics to provide more holistic and
inclusive services. Finally, similarly to other studies [19,43], those
receiving inpatient care were at high risk of OOP expenditure and
catastrophic spending. In the absence of a risk-pooling mecha-
nism, all households face high risk of financial catastrophe from
OOP payments for inpatient care.

The research protocol and sampling process in our study was
designed to avoid any biases in the results, but our study has
several limitations. We examined only urban households in one
metropolitan area of the country, so the results cannot necessarily
be generalized to the whole country. However, the representative
nature of the sample means that the results may be applicable to
other cities, and thus the study may reflect the reality of health
market participation for a large proportion of the Bangladeshi
population. Inpatient service use is infrequent (4%) and a much
larger sample is required to explore the role of chronic vs. acute
illness in hospitalization and costs. Such an analysis might better
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Table 3. Double-hurdle regression model of expenditure (total sample household data).
Variable 1st Stage 2nd stage
- Participation (probit) equation ~ Expenditure (Tobit) equation =~ -
Coefficient Standard error p-value Coefficient Standard error p-value
Constant = ~07 034 004 481 016 <001
lliness and care-seekmg behavuor ‘ ‘
Average lllness per chlld 017 007 ' 0.02 01 002 - <001
Average illness per adult 1.27 0.53 0.02 0.24 0.'04 R y<'0.01
Member with chronic disease 2 - = = -
Yes ' ‘ ' o 0‘49' 0.13 <0.b1 6.46 008 ' H <001
’No"' e 0  T : 5 S NA R
Care—seekmg behav;or ' '
fflnpatlent 317 o3 <001
Outpatient pubhc 0.78 0.07 <(’)A01'
; ‘~Ouytp‘aat|ent pnvate g 008 o <001
Outpatlent both pubhc and pnvate ' 1.46 0.1 ' <O.b1
ﬂ"SeIf med atxon/tradmonal healer : 0 : NA - o
Household charactenstlcs
Educa tional status of hot - . . - ’ :
No educatuon —0.04 ”0.2 0‘9 0.02 0.1
e R 021 oos s o 0
Secondary 0;2 0.13 01 0.19 0.69 003
Age of household head (years) 0 0.01 0.7 0 <d.01
Household size 0,1:6: 006 ‘ 001 o -
Quintile 2 ' —-0.52 ' 0.1 <0.01
Qumnle3 s “029 o : 01 7 001 . o
Quintile 4' k —’0.24 01 1' 0.03 ’
Qumt!le - s NA T
doi:10.1371/journal.pone.0056873.t003

describe the role of preventable hospital admissions in catastrophic
spending. Consumption and expenditure were self-reported and
prone to error, although estimates were confirmed by other
household members or aged persons in the community. For
example, female interviewees frequently over- or under-estimated
the cost of bicycles, sewing machines and cars, but we minimized
the bias by asking another household member or an older member
of the household.

This study identifies determinants of high medical expenditure
and financial catastrophe: illness either in children or in adults,
chronic illness, receiving inpatient care, poorer economic status
and lower education level of the household head. The chronic care
of NCDs requires long-term routine clinic visits, testing, and
medications, reducing households’ flexibility to respond to the cost
of unexpected hospitalization or other illness episodes. It is clear
that immediate action is necessary to reduce levels of catastrophic
health expenditure by reducing the burden of OOP payments in
Bangladesh, which can be achieved by:

. Impleménting compulsory health insurance for salaried
workers in both public and private sectors, and voluntary
memberships for dependents, farmers and self-employed
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Table 4. Multiple Poisson regression model for catastrophic expenditure.

Variable Relative risk 95% confidence interval p-value
lliness and care-seeking behavior i i
Average illness per éhild 1.12 (1.63-1.23) ' 6.01
,AQeragé yi‘yll‘yryxtess‘ ‘pei; adult. i 147 5 (1;13—1 93) 001
Caré-seeking béhavior ’ -
Inpatient 12836 (1649-48.77) <001
Oﬁtbafient public 293 (1.66-5.16) <0.01
fOutpatieﬁf private 438 (2’.31'—:8,3'0) : : <001
' Outp‘atient public and private 7.03 (3.37-14.66) <0.01
 Self medication/traditional healer 1.00 NA : ‘
Héusehold cﬁéractefistics '
‘Ed'q’c/a‘:oynal stattis bf household head g Co :
No édﬁcation ' ' 235 '(1’.2’5—4.41) <0.01
Primary 162  (088-3.00) S0
' Secondary 1.30 (0.74-2.27) 04
Higher 100 NA -
Househdld consumption quintil‘e - '
 Quintile 1 (poorest) 376 | (146-968) <001
Q\'Jintil.e' 2 255 '(1 .02-6.38) (')AO‘l
Quintile 3 261 (122559 oo
Qﬁinﬁle 4 225 (1.09—4.65) OLO;I
: ,Qﬁif\‘ﬁ!’e 5 (rfchgst) L 100 NA :

doi:10.1371/journal.pone.0056873.t004

persons, similarly to programs in Vietnam that have been
shown to reduce OOP payments to lower levels than observed
in this study [55]

Improving routine management of NCDs, to reduce the cost of
chronic disease management, and incorporating chronic
disease management into public services and health financing
initiatives, to ensure that this expenditure is included in risk-
pooling and welfare initiatives and the high OOP payments
associated with chronic illness that were identified in this study
can be ameliorated by better and more equitable management,
prevention and treatment

Incorporating ancillary services into basic care packages in
public facilities, so that users are not required to pay significant
OOP expenses for essential pharmaceutical or other ancillary
services which are supposed to be almost free, but which our
study found were still associated with high OOP payments and
catastrophic expenditure risk
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If necessary reforms are implemented, especially those targeted
at the poorest members of Bangladeshi society, significant
reductions in the burden of OOP payments can be made, with
consequent improvements in the health of the population.

Acknowledgments

The authors thank the Department of Population Science and Human
Resource Development, University of Rajshahi, head and other members,
project trainers; project coordinators and supervisors for their assistances.
The authors also thank the study subjects for their cooperation and
participation.

Author Contributions

Critical revision of the manuscript for important intellectual content: SG
KS. Administrative, technical, or material support: PS. Study supervision:
MMR PS. Conceived and designed the experiments: MMR ES KS.
Performed the experiments: MMR PS. Analyzed the data: MMR SG.
Contributed reagents/materials/analysis tools: MMR SG. Wrote the
paper: MMR.

6. Boutayeb A, Boutayeb S (2005) The burden of non communicable diseases in
developing countries. Int ] Equity Health 4: 2.
7. Thuan NT, Lofgren C, Chuc NT, Janlert U, Lindholm L (2006) Household out-
of-pocket payments for illness: evidence from Vietnam. BMC Public Health 6:
283.
8. Xu K, Evans DB, Kadama P, Nabyonga J, Ogwal PO, et al. (2006)
Understanding the impact of eliminating user fees: utilization and catastrophic
health expenditures in Uganda. Soc Sci Med 62: 866-876.
9. Yardim MS, Cilingiroglu N, Yardim N (2010) Catastrophic health expenditure
and impoverishment in Turkey. Health Policy 94: 26-33.

. Onwuyjekwe O, Hanson K, Uzochukwu B (2012) Examining inequities in
incidence of catastrophic health expenditures on different healthcare services
and health facilities in Nigeria. PLoS One 7: e40811.

February 2013 | Volume 8 | Issue 2 | 56873



