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1. Study Synopsis 
 
1.1 Title 
 
Trial of thiamine supplementation in Cambodia 
 
Note that this study was funded using the title: ‘Improving estimates of the global burden of 
thiamine deficiency disorders (TDDs) and approaches to their control - Objective 3: Trial of 
thiamine supplementation in Cambodia.’  
 
1.2 Objectives 
 
1. To conduct a dose response supplementation trial among lactating Cambodian women to 

determine the lowest dose of thiamine that yields the maximum increase in human milk 
thiamine.  

2. To assess rural Cambodian households’ usual salt intake using a household salt disappearance 
study.  

3. To assess cognitive development of infants aged 2 weeks – 6 months to mothers consuming 
varying thiamine doses using a small battery of cognitive assessments.   

 
1.3 Design 
 
Double-blind, four-parallel arm, placebo-controlled randomized trial. 
 
1.4 Outcomes and Analysis Objectives 
 
The primary outcome of this study is human milk total thiamine concentration at 24 weeks 
postpartum. The primary objective of this study is to estimate the dose on the dose response curve 
where additional maternal intake of thiamine (oral dose) no longer meaningfully increases human 
milk total thiamine concentration at 24 weeks postpartum. A full list of outcomes and analysis 
objectives can be found in Section 4.  
 
1.5 Study Duration 
 
This is a two-year study, to be completed between 2018 and 2020. The intervention is 22 weeks, 
from 2 weeks through 24 weeks postnatal.  
 
1.6 Interventions 
 
Participants will be randomized to one of four treatment arms, and will be asked to consume one 
oral capsule daily. Treatment arms are:  

• negative control group (placebo; 0 mg thiamine) 
• EAR group (1.2 mg thiamine as thiamine hydrochloride) 
• double EAR group (2.4 mg thiamine as thiamine hydrochloride) 
• positive control group (10 mg thiamine as thiamine hydrochloride) 
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1.7 Sample size 
 
320 women and their newborn infants. 
 
1.8 Population 
 
Participants must meet the following criteria: 

• mothers of a newborn 
• aged 18-45 years 
• most recent pregnancy was normal (i.e. no known chronic conditions, preeclampsia, 

gestational diabetes etc.), and the singleton infant was born without complications (e.g. low 
birth weight (<2.5 kg), tongue tie, cleft palate) 

• intends to exclusively breastfeed for six months 
• resides in Kampong Thom province, Cambodia, and is not planning to move in the next six 

months 
• is not currently taking, and hasn’t taken any thiamine-containing supplements over the 

previous 4 months 
• is not currently participating in any nutrition programs beyond normal care 
• is willing to consume one capsule daily from 2 weeks through 24 weeks postpartum 
• is willing for her entire household consume only salt provided by the study team 
• is willing for the following biological samples to be collected: a maternal venous blood 

sample and human milk sample at 2 weeks postpartum, a human milk sample at 4 and 12 
weeks postpartum, and maternal and infant blood samples and a human milk sample at 24 
weeks postpartum. 

 
2. Investigators, Scientific Advisory Board, and Study Locations  
 
2.1 Study investigators 
 
Kyly C Whitfield 
Principal Investigator 
Department of Applied Human Nutrition 
Mount Saint Vincent University 
Halifax, Nova Scotia, Canada 
kyly.whitfield@msvu.ca  
 

Hou Kroeun 
Co-Investigator 
Helen Keller International, Cambodia 
Phnom Penh, Cambodia 
khroeun@hki.org  

Keith Porter 
Co-Investigator 
Helen Keller International, Cambodia 
Phnom Penh, Cambodia 
kporter@hki.org 
 

Tim J Green 
Co-Investigator 
Healthy Mothers, Babies and Children Theme 
South Australia Health and Medical Research 
Institute 
Adelaide, South Australia, Australia 
tim.green@sahmri.com  
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Frank Wieringa  
Co-Investigator 
Institut de recherche pour le développement 
Montpellier, France 
franck.wieringa@ird.fr 
 

Mam Borath 
Co-Investigator 
National Sub-Committee for Food Fortification 
Cambodia Ministry of Planning 
Phnom Penh, Cambodia 
borathmam.mop@yahoo.com 
 

Sophonneary Prak 
Co-Investigator 
National Nutrition Programme 
Cambodia Ministry of Health 
Phnom Penh, Cambodia 
sophonprak@gmail.com 
  

Jeff Measelle 
Co-Investigator 
Department of Psychology 
University of Oregon 
Eugene, Oregon, USA 
measelle@uoregon.edu   

Dare Baldwin 
Co-Investigator 
Department of Psychology 
University of Oregon 
Eugene, Oregon, USA 
baldwin@uoregon.edu  

Geraldine Richmond 
Co-Investigator 
Department of Chemistry and Biochemistry 
University of Oregon 
Eugene, Oregon, USA 
richmond@uoregon.edu  

  
2.2 Statisticians 
 
Lisa Yelland 
Statistician 
South Australia Health and Medical Research 
Institute 
Adelaide, South Australia, Australia 
lisa.yelland@adelaide.edu.au  

Shalem Leemaqz 
Statistician 
South Australia Health and Medical Research 
Institute 
Adelaide, South Australia, Australia 
shalem.leemaqz@sahmri.com  

 
2.3 Scientific Advisory Board 
 
Megan Bourassa 
Sackler Institute for Nutrition Science 
New York Academy of Sciences 
New York, New York, USA 
mbourassa@nyas.org  

Levente Diosady 
Chemical Engineering & Applied Chemistry 
University of Toronto 
Toronto, Ontario, Canada 
l.diosady@utoronto.ca  
 

Lisa Houghton 
Department of Human Nutrition 
University of Otago 
Dunedin, New Zealand 
lisa.houghton@otago.ac.nz  

Annie Wesley 
Agriculture and Food Security  
International Development Research Centre 
Ottawa, Ontario, Canada 
awesley@idrc.ca  

   
Arnaud Laillou 
UNICEF Cambodia 
Phnom Penh, Cambodia 
alaillou@unicef.org 
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2.4 Study Location 
 
Households in Kampong Thom province, Cambodia within the catchment area of the following 
Health Centres: Tboung Kapoeur, Kampong Svay, Sankor, Chey, Salavisai, Prey Kuy, Prey Pros, and 
Srayov Health Centres. 
 
2.5 Study Management 
 
The Principal Investigator and Co-Investigators will oversee the coordination of the study; they will 
meet bi-monthly, or more often if required. Helen Keller International, Cambodia will be the 
primary implementer of the study, overseeing day-to-day operations, including recruitment, consent, 
data and biological sample collection, and data management. The Scientific Advisory Board will 
meet with the investigators annually. 
 
2.6 Serious Adverse Events Committee / Data Safety Monitoring Board  
 
There is no necessity for a Serious Adverse Events Committee or a Data Safety Monitoring Board 
(DSMB) in the current study because of the absence of potential adverse effects. There is no 
tolerable upper intake level (UL) for thiamine because there has never been an adverse event 
reported from high thiamine intake (1,2), even though over-the-counter supplements in Canada and 
the United States commonly contain 50 mg of thiamine or more. Hence, we are confident that there 
is a very low risk of serious adverse events in this study related to the intervention.  
 
However, we do expect some infant deaths in our cohort due to other causes. As per the 2014 
Cambodian Demographic and Health Survey (CDHS), the rate of neonatal (birth to one month) and 
infant (birth to one year) mortality was 29 and 11 deaths per 1,000 live births, respectively (3). The 
majority of neonatal deaths occur in the first 6 days postnatal: in the 4 years preceding the 2014 
CDHS data collection, 82% of neonatal deaths occurred in the first 6 days after birth (3). Since this 
study starts at 2 weeks postnatally, we would expect the mortality rate in our study to lie between 
1.67 (neonatal mortality > 6 days postnatal for Kampong Thom = 0.029*0.18*320) and 3.68 (infant 
mortality in Kampong Thom = 0.011*320) infant deaths.  
 
2.7 Funding 
 
This study is funded through the Bill & Melinda Gates Foundation and the Sackler Institute for 
Nutrition Science, New York Academy of Sciences (Opportunity ID OPP1176128) as ‘Objective 3: 
Trial of thiamine supplementation in Cambodia’, as part of the larger program grant entitled 
‘Improving estimates of the global burden of thiamine deficiency disorders (TDDs) and approaches 
to their control’.  
 
3. Introduction, Background, and Rationale 
 
3.1 Thiamine, and thiamine deficiency 
 
Thiamine (vitamin B1) is an essential water-soluble micronutrient required for energy metabolism (4). 
Thiamine deficiency remains an under-studied public health issue, recently being called the forgotten 
disease of Asia (5). There is evidence of suboptimal thiamine intake or status throughout Southeast 
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Asia, notably in Cambodia (6–11), Laos (5,12–14), and among Karen refugees during their early 
arrival in the Mae La Camp on the Thai-Myanmar border (15,16).  
 
Infantile beriberi, a disease caused by thiamine deficiency, presents during the exclusive 
breastfeeding period and without treatment can result in death within hours of clinical presentation 
(15). The dietary staple of Cambodia is B-vitamin poor, white, polished rice; it makes up upwards of 
60% of daily energy intake (17). Women with poor dietary thiamine intake produce milk low in 
thiamine, putting their exclusively breastfed infants at a high risk of developing infantile beriberi 
(18). We recently demonstrated that maternal consumption of a thiamine-fortified fish sauce 
significantly increased maternal, human milk, and infant thiamine status (10). 
 
There is also a growing body of evidence suggesting thiamine deficiency not severe enough to cause 
clinical symptoms has a negative effect on cognitive development and functioning (19–22), though 
the precise pathways and mechanisms linking these two factors remain poorly understood. 
Important questions remain about the timing of deficiency, levels of deficiency, and the ability of 
prophylactic interventions to prevent or therapeutic interventions to remediate the effects of 
suboptimal thiamine status on cognitive outcomes in humans (23).  
 
3.2 Dietary thiamine requirements 
 
The Institute of Medicine’s Dietary Reference Intakes (DRI) can be used to assess dietary thiamine 
adequacy (24). Thiamine has an estimated average requirement (EAR), the median requirement for a 
given lifestage group, and a statistically derived recommended dietary allowance (RDA), an estimate 
of the daily average dietary intake that meets the nutrient needs of 97.5% of healthy members of the 
group (24). There is no UL for thiamine because there have been no reports of adverse effects of 
excess thiamine intake (1,2,25). Lactating women secrete an estimated 0.16 mg thiamine per day into 
human milk, and additional thiamine is required by the mother herself to meet increased energy 
needs for milk production (1). For lactating women, the EAR and RDA are 1.2 and 1.4 mg/day, 
respectively (1).  
 
For infants, an adequate intake (AI) was derived due to insufficient evidence to set an EAR and, in 
turn, a RDA (1). The thiamine concentrations of milk from healthy, well-nourished mothers are 
extrapolated, assuming a daily milk intake of 780 mL (1). The thiamine AI for infants aged 0-6 
months is 0.2 mg/day, however, the evidence base used for setting this AI is poor due to the small 
sample size and the outdated analytical techniques to assess human milk thiamine concentrations 
(26). 
 
3.3 Biomarkers of thiamine status 
 
Two biomarkers are used to assess thiamine status. Thiamine diphosphate (ThDP) is the biologically 
active form of the vitamin (4), and concentrations can be assessed in whole blood or erythrocytes 
using high performance liquid chromatography with a fluorescence detector (27). Unfortunately 
there is currently no consensus on the most appropriate ThDP cut-offs for thiamine deficiency (28). 
The other assessment method is a functional marker of thiamine status, transketolase activity 
coefficient. ThDP is a cofactor with transketolase in the pentose phosphate pathway; in vitro 
measurement of the activity of transketolase before and after the addition of excess ThDP reveals 
the original level of ThDP saturation, indicating thiamine adequacy (1,25). An erythrocyte 
transketolase activity coefficient >1.25 is commonly used as a cut-off for thiamine deficiency (1).  
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3.4 Efforts to improve perinatal thiamine intake 
 
Low maternal thiamine intake reduces the thiamine concentration of human milk (18). Infantile 
thiamine deficiency and beriberi are not normally seen in countries where maternal thiamine intake 
is adequate (29). Both supplementation and fortification interventions have been employed in an 
attempt to improve maternal thiamine status as a means of preventing infantile thiamine deficiency.  
Between 1987 and 1990 there was an outbreak of infantile beriberi in the Mae La refugee camp on 
the Thai-Burmese border that accounted for 40% of infant mortality (15,16). As a preventative 
measure, lactating women in this camp were provided with a weekly 10 mg thiamine supplement 
until 9 months postpartum (15). However, supplementation has several challenges, including high 
cost, issues of distribution and a sustainability, and compliance.  
 
3.5 Thiamine fortification 
 
Fortification is a potentially more suitable alternative to supplementation, as it is a sustainable, cost-
effective, and passive intervention (30–33). Fortification is a highly successful public health 
intervention; for example, two thirds of the world’s population has access to iodized salt (34), and 
folic acid fortification in Canada and elsewhere has reduced the incidence of neural tube defects 
(35). Wheat flour is fortified in many countries (36), however this is not appropriate in Cambodia 
and other countries where wheat flour is not a food staple. We recently conducted a randomized 
controlled efficacy trial of thiamine-fortified fish sauce, and found that consumption over 6 months 
improved blood and human milk thiamine concentrations of mothers, their breastfed infants < 6 
months, and children < 5 years (10,11). However, centrally produced fish sauce may not reach the 
poorest communities who make their own fish sauce, and fish sauce consumption is not universal in 
all regions where we find thiamine deficiency (37,38).  
 
3.6 Salt as a fortification vehicle 
 
Salt is a common condiment in most regions of the world, and has proven to be a successful global 
fortification vehicle for iodine (39). Current estimates suggest usual per capita salt intake in 
Cambodia is 15 g/day day (40). However, we do not know how much is consumed at the individual 
level. In addition, the WHO has been actively promoting salt reduction programs globally with a 
goal to decrease salt intake to 5 g/day (41), therefore new measures of salt intake are required.  
 
3.7 Summary of rationale 
 
Suboptimal maternal thiamine intake puts exclusively breastfed infants at risk of low thiamine status, 
impaired cognitive development, and infantile beriberi, which can be fatal. Thiamine fortification of 
salt is a potentially low-cost and sustainable means of combating suboptimal thiamine status, 
however knowledge gaps must be filled before thiamine fortification can proceed. There is limited 
data available on the dose of thiamine required by lactating women to optimize the thiamine 
concentrations in their milk. Further, usual salt intake among lactating women is unknown. Finally, 
although there is emerging evidence that low thiamine intake in early life impacts cognitive 
development, this has yet to be assessed in a controlled research environment. The overall aim of 
this study is to obtain the information necessary to formulate a thiamine-fortified salt for future use 
in Cambodia (ideal dose, usual salt intake), and to explore the impact of various doses of maternal 
thiamine on makers of infant cognitive development.   
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4. Study Objectives 
 
Primary Outcome and Analysis Objective: 
To estimate the dose on the dose response curve where additional maternal intake of thiamine (oral 
dose) no longer meaningfully increases human milk total thiamine concentration at 24 weeks 
postpartum. 
 
Secondary Outcomes and Analysis Objectives: 

1. To estimate the dose on the dose response curve where additional maternal intake of 
thiamine (oral dose) no longer meaningfully increases infant thiamine diphosphate 
concentrations (ThDP) 24 weeks postnatally, and assess whether this depends on the 
presence/absence of a genetic hemoglobin disorder. 

2. To estimate the dose on the dose response curve where additional maternal intake of 
thiamine (oral dose) no longer meaningfully increases human milk total thiamine 
concentration at 4 and 12 weeks postpartum. 

3. To estimate the dose on the dose response curve where additional maternal intake of 
thiamine (oral dose) no longer meaningfully increases infant transketolase activity at 24 
weeks postnatally, and assess whether this depends on the presence/absence of a genetic 
hemoglobin disorder. 

4. To estimate the dose on the dose response curve where additional maternal intake of 
thiamine (oral dose) no longer meaningfully increases maternal ThDP at 24 weeks 
postpartum, and assess whether this depends on the presence/absence of a genetic 
hemoglobin disorder. 

5. To estimate the dose on the dose response curve where additional maternal intake of 
thiamine (oral dose) no longer meaningfully increases maternal ETKac at 24 weeks 
postpartum, and assess whether this depends on the presence/absence of a genetic 
hemoglobin disorder. 

6. To test for differences between the 4 randomised groups on human milk total thiamine at 4, 
12, and 24 weeks postpartum.  

7. To test for differences between the 4 randomised groups on maternal ThDP at 24 weeks 
postpartum, and assess whether this depends on the presence/absence of genetic 
hemoglobin disorder. 

8. To test for differences between the 4 randomised groups on maternal ETKac at 24 weeks 
postpartum and assess whether this depends on the presence/absence of a genetic 
hemoglobin disorder. 

9. To estimate usual household salt intake from mean fortnightly salt disappearance (weight 
lost, in g). 

10. To estimate salt intake among a subset of 100 lactating women, their male partners (if 
applicable), and their children 24-59 months (if applicable) using observed weighed salt 
intake records. 

11. To estimate sodium intake using 24 hr urinary sodium concentrations among a subset of 100 
lactating women. 

12. To test for differences between the 0 & 10 mg randomised groups on Composite Mullen 
and the 5 subscales of the Mullen at 24 weeks postnatally. 

13. To test for differences between the 0 & 10 mg randomised groups on Visual Paired 
Comparison Novelty Score and the attention and processing speed subscales at 24 weeks 
postnatally. 
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14. To test for differences between the 0 & 10 mg randomised groups on the Language 
Preference Task Score at 24 weeks postnatally. 

15. To test for differences between 0 & 10 mg randomised groups on oculomotor scores at 24 
weeks postnatally. 

16. To determine the effect of inflammation, as measured by C-reactive protein (CRP) and α-1-
acid-glycoprotein (AGP) on maternal ThDP at 2 and 24 weeks postpartum, and infant 
ThDP at 24 weeks postnatal. 

5. Study Design 

This will be a double-blind, four-parallel arm randomized controlled trial, in which 320 women and 
their newborn infants will be enrolled. Each dyad will participate in the study between 2 and 24 
weeks postnatal, a 22-week intervention period. The primary outcome measure is human milk 
thiamine concentrations at 24 weeks postpartum (see Figure 1).  

Figure 1: A pictorial description of the study design and data collection scheme. 

6. Study Treatments 

6.1 Description of study arms 

The four study arms are described in Table 1, below. 

Table 1: Treatment arms for the trial. 
Treatment Arm Rationale Thiamine Dose 
Negative Control Negative Control (placebo) 0 mg/d 
EAR 1 x thiamine EAR for lactating women (1) 1.2 mg/d 
Double EAR 2 x thiamine EAR for lactating women (1) 2.4 mg/d 
Positive Control Positive Control (dose currently given in supplemental form 

in Myanmar) 
10 mg/d 
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Supplements will be opaque capsules containing varying amounts of thiamine hydrochloride and 
cellulose filler, as indicated in Table 1. All thiamine is delivered as thiamine hydrochloride, 
calculated using a 1.271 correction factor (ratio of molecular weights of thiamine hydrochloride and 
thiamine). Capsules will be formulated and compounded by pharmacist Anastasia Hanias at the 
Quinpool Wellness Centre in Halifax, Nova Scotia, Canada.  
 
6.2 Treatment arm codes and packaging of study capsules 
 
Statisticians at the South Australian Health and Medical Research Institute (SAHMRI) will create a 
total of 8 alpha-numeric codes consisting of 3 letters followed by 8 numbers to label study 
supplements, two sets of codes per treatment arm.   
 
Study capsules will be packaged in 14-capsule blister packs and delivered to the participants every 
two weeks. These blister packs will contain the following labeling in both English and Khmer: 

• “For research purposes only”  
• “Could contain up to 10 mg thiamine (vitamin B1)” 
• “Take one capsule each morning” 
• best before date 
• alpha-numeric treatment code 
• days of the week on each blister slot 
• study ID and barcode (individualized sticker) 

 
6.3 Safety of thiamine doses 
 
The thiamine hydrochloride safety data sheet can be found in Appendix A. The thiamine EAR is 
1.2 mg/day (1), however there is no concern for regular consumption of higher doses because 
thiamine supplements above these doses are commonly available over-the-counter in Canada and 
the United States. For example in Canada, Jamieson Natural Sources has Health Canada approval to 
sell B Complex vitamin supplements containing up to 100 mg each of thiamine. In addition, as 
noted in 3.2 Dietary thiamin requirements, there is no UL for thiamine because there have been no 
reports of adverse effects of excess thiamine intake (1,2,25).  
 
6.3 Product accountability 
 
Initial Assessment 
All capsules will be formulated and packed in two batches at the Quinpool Wellness Centre in 
Halifax, Nova Scotia, Canada, in July and September 2018 using codes assigned by an independent 
scientist not involved in this study. Before data collection, an independent lab will assess a sample of 
capsules from each batch to confirm thiamine concentrations. The independent scientist will courier 
10 capsules from each of the 8 treatment codes to the independent lab for analysis. The lab report 
will be shared with an independent scientist, who will cross-check values with the treatment arm 
codes to ensure the supplements meet the study standards. The supplements will be deemed 
acceptable if the average thiamine concentration for each code (n=10 samples) falls within 15% of 
the values shown in Table 1. 
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Throughout the study 
A set of supplement blister packs will be stored at the village chief’s home (in a manner similar to 
how women are storing their blister packs) in each of the eight health centre catchment areas in 
which we will work. Field staff will collect one blister pack from each of the village chief’s homes 
every second month for assessment. We will collect 1 blister pack x 8 treatment codes x 8 village 
chief’s homes = 64 blister packs will be couriered to the independent lab. Here, the lab technician 
will select 5 capsules from each blister pack for analysis; supplements will be deemed acceptable if 
the average thiamine concentration for each code (n=40 samples) falls within 15% of the values 
shown in Table 1. 
 
6.4 Compliance 
 
Compliance will be assessed fortnightly: field staff will visit the participant’s home to pick up the old 
blister pack and complete a capsule count, and to deliver a new blister pack. A woman will be 
considered compliant if she consumes ≥80% capsules over the 22-week intervention.  
 
In an attempt to ensure high compliance, participants will interact with the same field staff person 
throughout the entire study in hopes of building rapport. This field staff person will complete in-
person check-ins fortnightly throughout the study, and will also make weekly phone calls to 
encourage women to continue consuming their study capsules daily. All participants will be provided 
with a mobile phone as part of this study.  
 
We are also conducting a small compliance pilot study in advance of this randomized controlled trial 
to determine if additional reminders in the form of daily voice messages (e.g. Verboice) or text SMS, 
in addition to the weekly phone calls and fortnightly visits, are warranted. 
 
7. Sample Size 
 
To detect a clinically meaningful difference of 40 μg/L in human milk total thiamine concentration 
between any two treatment groups with 90% power, assuming a SD of 43 µg/L (estimated SD of 
control group in a Cambodian thiamine-fortified fish sauce trial (9)), 48 women are required per 
treatment group, or a total of 192 women. This sample size allows for 20% attrition and uses a two-
sided alpha of 0.0083 for each of the 6 pairwise comparisons between the four treatment groups in 
order to control the familywise error rate at the 0.05 level using a Bonferroni adjustment for multiple 
comparisons. Recruitment of 320 participants (80 per group) was planned to allow for some 
uncertainty in the assumed values, particularly the SD which may be larger than anticipated. 
 
Simulations of 500 dose-response curves for human milk total thiamine concentration were 
conducted to estimate the precision that this sample size would provide for addressing the primary 
study objective (i.e. for estimating the dose required to achieve 90% of the average maximum human 
milk total thiamine concentration). Data were simulated based on an average minimum and 
maximum concentration of 136 µg/L (9) and 210 µg/L (1), respectively, with a SD of 43 µg/L (9), 
and reaching 50% and 90% of the maximum average concentration at dose 1.2 mg/d (EAR group) 
and 2.4 mg/d (double EAR group) respectively. Assuming an Emax dose-response curve, the 
precision of the estimated dose is ±1.29 mg/d (i.e. the 90% confidence interval for the estimated 
dose will be within ±1.29 mg/d of the point estimate). 
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8. Enrolment and Randomization 
 
8.1 Recruitment 
 
We plan to recruit and enroll the majority of participants through antenatal care (ANC) visits, as well 
as through consultation with local village chiefs, elders, and health centre staff. Pregnant women will 
be advised of the study during ANC programs within the local health centres in Kampong Thom 
province in which we will work. The following health centres were selected in consultation with the 
National Nutrition Programme (Cambodian Ministry of Health) because of their high birth rates: 
Tboung Kapoeur, Kampong Svay, Sankor, Chey, Salavisai, Prey Kuy, Prey Pros, and Srayov Health 
Centres. Local midwifes and nurses will provide a general overview of the research study, and will 
share names and contact information of interested women with the research team. The research 
team will follow up with women after delivery, screen for eligibility, obtain consent, and enroll 
women. Recruitment will continue on a rolling basis until 320 women are enrolled (we anticipate 
rolling recruitment over five months). A record of all women screened but not enrolled will be 
maintained.  
 
8.2 Eligibility criteria 
 
All women must provide written informed consent to participate. Participants must meet the 
following criteria: 

• mothers of a newborn 
• aged 18-45 years 
• most recent pregnancy was normal (i.e. no known chronic conditions, preeclampsia, 

gestational diabetes etc.), and the singleton infant was born without complications (e.g. low 
birth weight (<2.5 kg), tongue tie, cleft palate) 

• intends to exclusively breastfeed for six months 
• resides in Kampong Thom province, Cambodia, and is not planning to move in the next six 

months 
• is not currently taking, and hasn’t taken any thiamine-containing supplements over the 

previous 4 months 
• is not currently participating in any nutrition programs beyond normal care 
• is willing to consume one capsule daily from 2 weeks through 24 weeks postpartum 
• is willing for her entire household consume only salt provided by the study team 
• is willing for the following biological samples to be collected: a maternal venous blood 

sample and human milk sample at 2 weeks postpartum, a human milk sample at 4 and 12 
weeks postpartum, and maternal and infant blood samples and a human milk sample at 24 
weeks postpartum 

 
8.3 Randomization procedures and blinding 
 
Women will be randomly assigned to one of the four treatment groups as described in Table 1. 
Participants, field staff, all study investigators, and data analysts will be blinded to the randomized 
groups. The randomization will be stratified by study centre and use randomly permuted blocks of 
size 8 within strata to assign participants to one of eight treatment codes in the ratio 1:1:1:1:1:1:1:1 (2 
treatment codes per treatment group). An individual who is independent of the trial will determine 
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which treatment codes correspond to which treatment group. A computer-generated randomization 
schedule will be prepared by the study statisticians using ralloc.ado in Stata. 
 
When a participant is enrolled in the study they will be assigned a unique study ID. The field staff 
will open an envelope labeled with the study ID and containing the study ID and accompanying 
treatment code. This code will be recorded on the participant’s 2 weeks postnatal questionnaire, and 
the participant will receive their first blister pack of capsules. At every data collection point the 
participant’s study ID will be typed into the data collection tablet and the treatment code will be 
displayed in order to ensure that the participant is receiving the correct treatment throughout the 
study.   
 
8.4 Breaking of the study blind 
 
Breaking blinding during the study 
The master ID list will not be unblinded unless in the unlikely event of an adverse event in the trial. 
Note that the likelihood of any adverse events is extremely unlikely since there is no UL for thiamine 
because there have been no reports of adverse effects of excess thiamine intake (1,2,25). If, however, 
there is a medical emergency and unblinding of a participant is required, our blinding mechanism 
would allow for only one of the two codes per treatment arm to be revealed (as each treatment arm 
will have two codes). We would then document and explain to the funding agency and all ethics 
committees why any premature unblinding occurred.  
 
Breaking the blinding after the study 
Once data collection and cleaning is complete, the database will be locked and unblinded treatment 
codes will be included in the database because a blinded analysis is not possible for estimating dose 
response curves.  
 
8.5 Participant withdrawal 
 
Participants are free to withdraw from the study at any time. The reasons for withdrawal will be 
recorded and reported in a CONSORT-style flow and follow up diagram. Participants who 
discontinue treatment or are withdrawn from the study will not be replaced. Any data collected on 
that participant up to the time of withdrawal will be retained for analysis.  
 
9. Study Procedures 
 
Data and biological samples will be collected at enrolment (between t=0 to 2 weeks postpartum), at 
2, 4, 12, and 24 weeks postnatal, as well as during fortnightly monitoring visits. A pictorial summary 
of data collection can be found in Figure 1.  
 
9.1 Chart review 
 
Upon enrolment, a primary healthcare worker in the Health Centre (receiving an incentive payment 
from the study) will record data from the dyad’s chart such as any interventions/events at birth, 
maternal age, number of antenatal care visits, number of iron and folic acid tablets consumed, time 
and date of birth, sex of infant, and infant anthropometrics.  
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9.2 Fortnightly monitoring 
 
Every two weeks a member of the research team will visit the participant in her home to distribute 
new blister packs and collect used blister packs (compliance measure). At this time the field staff will 
also ask a small number of questions about capsule compliance, selling or sharing of salt, and about 
infant and young child feeding (IYCF) practices (was the infant exclusively breastfed over the 
previous two weeks). The field staff will weigh the household salt container to assess salt 
disappearance, and will provide more salt to the household.  
 
9.3 Salt disappearance 
 
At the initial home visit after randomization, field staff will check that the household has removed 
all salt from the home, and will distribute table salt in specialized study containers. Using calibrated 
scales (sensitive to 1 g), field staff will log the initial weight of the salt container(s). Participants will 
be asked to consume only salt provided by the study, and since Cambodian families eat from a 
common pot, they will instructed for all family meals to be prepared using this salt. At each 
fortnightly monitoring visit, field staff will weigh the salt container(s) to determine household salt 
consumption from salt disappearance. In addition, field staff will ask women to confirm the 
household members eating from the common pot. 
 
The fortnightly salt disappearance study will yield household salt consumption, but does not allow 
us to make strong estimates of intra-household salt consumption, nor the consumption of salt more 
holistically (including from packaged foods, salt-containing condiments). This information will be 
important moving forward in order to calculate dosages for thiamine-fortified salt. Also, gathering 
information not only from lactating women, but also presumably high consumers (husbands) and 
very low consumers at risk of deficiency (children after the window of micronutrient powder 
consumption, so 24-59 months) is also vital for future fortification modelling. Therefore, we will 
collect supplemental information in a randomly selected subset of households (n=100) using 
observed weighed intakes and maternal urinary sodium concentrations (randomly selected from 
larger study, and a second day repeat in 75 households on non-consecutive days). The participant 
(mother), the husband/man in household aged 18-50 years, and a child between 24-59 months 
(husband/man and child will not be applicable in all households) will be enrolled in this sub-study. 
For the observed weighed intake sub-study, field staff will sit in the participants home from dawn 
through dusk, recording, at the individual level, intake for the 1-3 individuals for all table salt and 
salt-containing condiments (e.g. fish and soy sauces) consumed throughout the day. For the mothers 
only, we will assess 24-hour urinary sodium concentrations (25). The mother will be instructed to 
awake, void her urine, record the time, and then collect all urine over the next 24 hours into a 
provided container; the collection will end when the woman will attempt to void urine at the exact 
specified time, 24 hours after initiation of collection. The field staff will visit her home to weigh the 
full container and then take an aliquot for testing (the remaining urine can be discarded). The urine 
sample will be placed in the 4°C fridge in Kampong Thom for <1 week before being transported 
the Pasteur Institute in Phnom Penh for storage at -20°C and subsequent batch analysis via 
potentiometry using ion selective electrode on an automated ABX PENTRA C400. We will model 
thiamine fortification of salt using the University of Iowa’s Intake Monitoring, Assessment and 
Planning Program software (http://www.side.stat.iastate.edu/imapp.php). 
 



Trial of thiamine supplementation in Cambodia: Protocol 

Page 17 of 28 

9.4 Questionnaire 
 
Using an interviewer-administered questionnaire, we will collect demographic and socioeconomic 
information, health information including questions about sleep (adapted from (42)) and postpartum 
depression (43), limited dietary intake data (e.g. perceptions of salt intake, postpartum food taboos 
(44)), and IYCF knowledge and behaviors at 2, 12, and 24 weeks postnatal. 
 
9.5 Anthropometrics 
 
Infants: length, weight, and head circumference; mothers: height and weight. Initial measurements 
will be taken in the Health Centre at delivery, and all other measurements will be collected in 
participant’s homes (2, 12, and 24 weeks postnatal) using calibrated instruments and standard 
protocols as per (45).  
 
9.6 Venous blood samples 
 
Trained, Khmer-speaking phlebotomists will meet mothers and infants at their home or a central 
village location (health centre, or village chief’s home) to collect maternal and infant blood samples 
into EDTA-coated tubes. This is a very low risk procedure; however, participants will be advised 
that the blood collection procedure may cause some discomfort and slight bruising or, very rarely, an 
infection at the site of the needle poke. After the blood draw participants will immediately be given a 
bandage to cover the spot where the blood was taken. Maternal blood samples will be collected at 2 
and 24 weeks postnatal; infant samples will be collected only at 24 weeks postnatal. Time of day and 
time since last meal will be recorded. 
 
9.7 Human milk samples 
 
Human milk samples will be collected using a battery-powered single breast pump (Swing Breast 
pump, Medela) at 2, 4, 12, and 24 weeks postnatal. One full breast expression (single breast) will be 
collected from the breast women self-identify as being more ‘full’ (the breast not most recently 
emptied). Since time of day has little effect on milk thiamin concentrations (46), samples can be 
collected at any time of day, however, time of day, time since last meal, and breast side will be 
recorded.  
 
9.8 Blood and human milk processing and analysis 
 
Biological samples will be collected in the village (woman’s home, or central village location such as 
the village chief’s home), placed on ice, and transported to the field lab in Kampong Thom within 5 
hours of collection. Phlebotomists will collect 9 mL venous blood from mothers and 5 mL from 
infants (in EDTA-coated Vaccutainers). Venous blood samples will be processed as per Figure 2. 
All samples will be stored at -20°C for <1 week before being transported the National Institute for 
Public Health Laboratory in Phnom Penh for storage at -80°C. Samples will be batch shipped on dry 
ice after the 24 weeks postnatal data collection is completed. 
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Figure 2: Processing protocol for venous blood and breast milk samples. 

Venous blood samples will undergo analysis for both transketolase activity and thiamine 
diphosphate concentrations, as described in 3.3 Biomarkers of thiamine status, by Albert Koulman at the 
NIHR BRC Nutritional Biomarker Laboratory at the University of Cambridge in the United 
Kingdom. At 2 weeks postnatal, maternal whole blood ThDP and erythrocyte transketolase activity 
will be measured. At 24 weeks postnatal, ThDP and transketolase activity will be measured in both 
whole blood and erythrocytes, and infant samples will be assayed for whole blood ThDP and 
erythrocyte transketolase activity. When ThDP is assessed in whole blood, concentrations must be 
normalized to hemoglobin concentrations and/or hematocrit (47). Therefore, hemoglobin 
concentration and hematocrit will be measured on all whole blood samples via a HemoCue 201 
portable hemoglobinometer and capillary hematocrit tubes, respectively. 

Evidence from the 2014 Cambodian National Micronutrient survey indicates that eThDP is affected 
by the presence/absence of genetic hemoglobin disorders. With this, it is vital to assess the 
presence/absence of genetic hemoglobin disorders, as this could influence participant’s response to 
thiamine, it may influence transketolase, and it could change thiamine dosage requirements in other 
countries. Therefore, at one timepoint only (2 weeks postnatal for maternal, and 24 weeks postnatal 
for infant samples), an aliquot of 1 mL whole blood will undergo hemoglobin capillary 
electrophoresis analysis to identify structural hemoglobin variants (48) at the Pasteur Institute in 
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Phnom Penh. Buffy coat samples will be stored in the BioBank in the Department of Applied 
Human Nutrition at Mount Saint Vincent University in Halifax, Nova Scotia, Canada, for potential 
later assessment of genetic hemoglobin disorders. 
 
Biomakers may be influenced by inflammation, which is common in this population (49,50). Plasma 
samples will be sent to Dr. Jurgen Erhardt at the VitMin Lab in Germany for analysis of C-reactive 
protein (CRP) and α-1-acid-glycoprotein (AGP) using an immunosorbent assay (51). Note that this 
assay will also measure retinol binding protein (RBP), ferritin, and soluble transferrin receptor 
(sTfR). Other plasma samples will be stored in the BioBank for potential future use. 
 
At 2, 4, 12, and 24 weeks postnatal, a full human milk expression will be collected (approx. 35 g) and 
approximate milk volume (weight of milk to 1 g) will be recorded. Samples will be mixed, and 2 mL 
aliquots obtained in amber cryovials (see Figure 2). Human milk thiamine concentrations will be 
measured by Drs. Daniela Hampel and Lindsay Allen at the USDA/ARS Western Human Nutrition 
Research Center, University of California, Davis (52).  
 
9.9 Cognitive assessments 
 
We will conduct cognitive assessments at 2, 12, and 24 weeks postnatal; video-recordings of data 
collection will be collected to aid in analysis. At these three timepoints we will conduct the 
Hammersmith Infant Neurological Exam (10 minutes), Infant Mullen Scales of Early Learning (10 
minutes at 2 and 12 weeks postnatal, 15 minutes at 24 weeks postnatal), Caregiver Reported Early 
Development Instruments (CREDI; 15 minutes), a Primary Engagement Task (3 minutes), and a 
Secondary Engagement Task (2.5 minutes), in the women’s home. At 2 weeks postnatal, we will also 
incorporate the Attention and Arousal modules of the NICU Network Neurobehavioral Scale 
(NNNS).  
 
The Hammersmith Infant Neurological Exam is a standard tool for providing basic information 
about infants’ neurological status through use of gentle touch and gentle social interaction in order 
to examine infants’ sensory and motor responses; it has previously shown excellent interobserver 
reliability even among less experienced staff (53). The Infant Mullen Scales of Early Learning is an 
individually administered, multi-domain measure of early development, with scales measuring 
development in visual reception, fine motor, gross motor, receptive language, and expressive 
language (54). The CREDI is a caregiver-reported measure of child development that has been 
shown to have right validity and reliability in low-resource settings (55). The Primary Engagement 
Task measures individual variation in infant, caregiver, and dyad-level developmental change in the 
ability to engage contingently with the partner in direct positive mutual engagement interactions. 
The Secondary Engagement Task measures individual variation in caregiver and infant ability to 
engage mutually in relation to an external object. The NNNS is an individually administered test 
designed to provide a profile infant neurobehavioral performance, stress, neurologic functioning, 
gestational age, self-soothing capacities, and states and state organization (56). 
 
At 12 weeks postnatal we will conduct a basic oculomotor exam (and re-administer the Infant 
Mullen Scales of Early Learning, Hammersmith Exam, CREDI, and Primary and Secondary 
Engagement Tasks).  
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At 24 weeks postnatal we will repeat the battery of assessments outlined above, and will also 
administer two sensory-cognitive processing tasks, the Visual Paired Comparison task (VPC; 5 
minutes) and the Language Preference Task (5 minutes). The VPC probes infants’ recognition 
memory and attention, and has been used to predict subsequent verbal IQ in middle childhood 
(57,58), and produce measures of attention predictive of developmental maturity and better 
cognitive function (59,60). The Language Preference Task is designed to measure individual 
variation in infants’ level of interest in the kind of language that caregivers typically direct toward 
infants (aka infant-directed talk or ‘motherese’) relative to a) the kind of language that is typically 
directed toward adults (aka adult-directed talk), and b) sounds that are matched in complexity but 
are non-linguistic (non-linguistic analog). Over a series of trials, infants hear these three different 
kinds of sound samples through an audio speaker (infant-directed talk, adult-directed talk, non-
linguistic analog), and the duration that they look toward a visual display during each sound sample 
is subsequently measured from the videotaped record collected during the session. 
 
9.10 Participant remuneration 
 
All participants will receive a mobile phone and mobile phone credits. In addition, modest, study-
appropriate remuneration such as a sarong, canned fish, or soap will be provided at biological 
sample collection points (2, 4, 12, and 24 weeks postnatal). 
 
10. Adverse Event Reporting 
 
As described in 2.6 Serious Adverse Events Committee / Data Safety Monitoring Board, there will be no 
Serious Adverse Events Committee or Data Safety Monitoring Board assembled for this study, 
because no adverse events have ever been reported for thiamine. There is no UL for thiamine 
because there has never been an adverse event reported from high thiamine intake (1,2), even 
though over-the-counter supplements in Canada and the United States commonly contain 50 mg 
thiamine or more. With this, we are confident that there is a low risk of serious adverse events in 
this study. There are also no clinical outcomes for which to monitor: the primary outcome of the 
study is a biochemical measure of thiamine status, but results will only be known after study 
completion. Also, there will be no mid-study data available to examine because all biological samples 
will be batch analyzed to decrease assessment variability (in addition to logistic considerations for 
batch storing and shipping samples).  
 
However, the study will employ a Cambodian medical doctor from the Kampong Thom 
Operational District to answer medical questions from mothers, and, on an ad hoc basis, to 
investigate adverse events. As described above in 2.6 Serious Adverse Events Committee / Data Safety 
Monitoring Board, we do expect 2 – 4 infant death during the study due to events not related to the 
study.  
 
11. Statistical Analysis 
 
The full statistical analysis plan can be found in Appendix B. The primary analyses will be 
performed on an ‘intention to treat’ basis, where all participants will be analyzed according to their 
allocated treatment group regardless of compliance. A secondary ‘per-protocol’ analysis will be 
performed on the subset of women who consumed ≥80% capsules over the study period. The 
parameters of the Emax dose-response curves will be estimated using non-linear least squares 
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models. Separate curves will be fitted for outcomes measured at 4 weeks, 12 weeks, and 24 weeks 
postpartum. The dose where additional maternal intake of thiamine no longer meaningfully increases 
milk thiamine concentration, defined as the dose that achieves 90% of the maximum concentration, 
will be estimated from the fitted curve with standard errors estimated by bootstrapping for 
calculating 95% confidence intervals.  
 
Comparisons between treatment groups will be performed using linear mixed-effects models to 
account for repeated measurements and adjusted for randomization strata and levels at 2 weeks 
postnatal. Interaction tests will be performed to assess whether treatment effects depend on genetic 
hemoglobin disorder. Missing data will be addressed using multiple imputation to create 100 
complete datasets for analysis, with a sensitivity analysis performed on the raw (unimputed) data 
(61). All analyses will follow a pre-specified statistical analysis plan (see Appendix B). 
 
12. Administrative Aspects, and Data Security and Management   
 
12.1 Obtaining informed consent 
 
Field staff will follow up with interested women and screen for eligibility in their homes. If women 
are eligible and wish to participate, the field staff will obtain consent by reading them the consent 
form and obtaining written informed consent via a thumbprint stamp. Signatures are not common 
in Cambodia; instead participants will provide a thumbprint stamp, as is common practice in 
research studies in Cambodia. During this initial meeting, women will be told that they can withdraw 
from the study at any time without penalty. Women will be reminded of the consent process at 2, 4, 
12, and 24 weeks postnatal, before data and biological samples are collected.  
 
If women are not interested or are unwilling to provide consent, the field staff will thank them for 
their time and leave their homes. 
 
As part of the consent process participants will be also be asked if they would provide permission 
for the repurposing of their biological samples after this study to be ‘biobanked’ for use in future 
nutrition-related research (re-consent will not be obtained). Participants will be informed that any 
future use would involve only de-identified data, and would be for nutrition-related research only. 
Participants can chose whether or not to provide this consent for future use of samples: the consent 
form is clear that this is secondary use of the biological samples, and is in no way required for 
participation in this study. 
 
12.2 Ethics 
 
We will obtain ethics approvals from the following Research Ethics Boards: 
- National Ethics Committee for Health Research (Cambodia)  
- Mount Saint Vincent University Research Ethics Committee (Canada) 
- University of Oregon Institutional Review Board (USA) 
 
This research will also be registered at clinicaltrials.gov. 
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12.3 Confidentiality and data security 
 
Participants will be given a unique alpha-numeric study ID code. This unique identifier will not be 
derived from personal identifiers. A key linking the subject code to participant information will be 
kept on a password protected computer in a secure area in the Helen Keller International (HKI) 
office in Phnom Penh, Cambodia. There is no need for co-investigators elsewhere to have 
information linking participant names with their unique identifier.  
 
All electronic data files will be stored on password protected computers and/or secure servers 
accessible only to members of the research team. Archived electronic data files and any hard copies 
of data (consent forms) will be stored in locked filing cabinets in locked research rooms at HKI 
Cambodia.  
 
Once all data is collected, all information will be de-identified. Only the study statistician and 
Principal Investigator will have access to the master list once data collection is complete; otherwise, 
all data will be completely de-identified. 
 
Biological samples will be transported to MSVU on dry ice, and stored in -80°C freezers in a locked 
freezer room. After analysis, all biological samples will be stored for 5 years in -80°C freezers at 
MSVU, then destroyed following biological safety protocols. 
 
All paper copies of consent forms and questionnaires will be retained for at least 5 years after 
publication of results. As per granting agency rules, all data will be made available on a public 
repository, but we will also store data on an external hard-drive, in a locked drawer, in the Principal 
Investigator’s locked office for a minimum of 25 years. After this time, all paper copies of consent 
forms will be shredded, and the hard drive deleted and physically destroyed.  
 
12.4 Modifications to the protocol 
 
This study will be conducted as per the current version of the protocol. Any change to the protocol 
document or related study tools that affects the scientific intent, study design, participant safety, or 
that may affect a participants willingness to continue participation in the study is considered an 
amendment, and therefore will be written and filed as such.   
 
12.5 Protocol deviations 
 
Protocol deviations will be documented and reported to the Principal Investigator if data collection 
does not fall within the following windows: 

• chart review: anytime between 0 – 16 days postnatal 
• 2 weeks postnatal: 2 weeks postnatal ± 2 days 
• 4 weeks postnatal: 4 weeks postnatal ± 2 days 
• 12 weeks postnatal: 12 weeks postnatal ± 4 days 
• 24 weeks postnatal: 24 weeks postnatal ± 4 days  
• fortnightly monitoring: ± 2 days 
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12.6 Trial closure 
 
The Principal Investigator (or designee) may terminate the study prematurely if data become 
available which raise concern about the safety of the study treatment(s) that have potential to cause 
unacceptable risks to subjects. If premature study closure occurs, the Principal Investigator (or 
designee) must contact all participants within two weeks, and written notification must be sent to the 
Ethics Committees.  
 
13. Use of Data, and Dissemination 
 
13.1 Layperson dissemination 
 
We will create various lay outputs from this study that can be used by NGOs and government 
agencies working with families, or can be accessed directly by families. These will include short video 
clips, infographics, and ‘hot tips,’ which we will make available online (website maintained through 
Mount Saint Vincent University; HKI will provide Khmer-translated materials) and in print for 
distribution at local agencies.  
 
We will host a Dissemination Workshop in Phnom Penh open to relevant stakeholders (NGOs, 
government, researchers, media, clinicians, public health, all sectors) to share the main outcomes of 
the study, and officially ‘launch’ resources online. Relevant parties from Myanmar and Laos PDR 
(e.g. Ministry of Health representatives) will be invited to this workshop; we will also engage with 
these stakeholders to explore take-up and/or scaling in these countries.   
 
Updates on the study will be shared at the monthly Cambodian Nutrition Working Group meeting, 
hosted by the National Nutrition Programme, Ministry of Health, and attended by all researchers 
and NGOs engaging in nutrition research and programming in Cambodia. Scaling Up Nutrition 
(SUN) and other relevant groups will also be updated regularly, and we will share dissemination 
materials, and invite these groups to the dissemination workshop. 
 
We will return to each community in Kampong Thom to conduct a village-wide meeting relaying 
study results. 
 
13.2 Academic dissemination 
 
Results of this research will be presented at academic nutrition, public health, and psychology 
conferences (i.e. Micronutrient Forum, Canadian Nutrition Society and American Nutrition Society 
Annual Meetings, International Society for Research in Human Milk and Lactation Conference, 
Society for Research in Child Development, etc.), and in peer-reviewed, journals that offer open 
access (e.g. Nutrients, American Journal of Clinical Nutrition, Pediatrics, etc.). 
 
We plan to make data available on a public repository by August 31, 2020.  
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11 PREFACE 

This statistical analysis plan (SAP) describes the planned analyses for the trial: 

Trial of thiamine supplementation in Cambodia. 

The following documents were reviewed in preparation of this SAP: 

• Trial of thiamine supplementation in Cambodia: Protocol version 2.1 (dated 24 July 
2018) 

• Questionnaires and consent forms (dated 6 April 2018 and 19 July 2018) 

 

2 STUDY OBJECTIVES 

2.1 Primary Objective 

The primary objective is to estimate the dose of maternal intake of thiamine where the dose-
response curve reaches 90% of the maximum average human milk total thiamine 
concentration at 24 weeks postpartum. 

2.2 Secondary Objectives 

1. To estimate the dose on the dose-response curve where 90% of the maximum average 
is reached in the following outcomes: 

a. Infant thiamine diphosphate concentrations (ThDP) at 24 weeks postnatal 

b. Human milk total thiamine concentration at 4 and 12 weeks postpartum 

c. Infant transketolase activity coefficient (TKac) at 24 weeks postnatal 

d. Maternal ThDP at 24 weeks postpartum 

e. Maternal TKac at 24 weeks postpartum 

and assess whether this depends on the presence/absence of genetic hemoglobin 
disorder for the following outcomes: 

a. Infant ThDP at 24 weeks postnatal 

b. Infant TKac at 24 weeks postnatal 

c. Maternal ThDP at 24 weeks postpartum 

d. Maternal TKac at 24 weeks postpartum 

2. To test for differences between the 4 randomised groups on: 

a. Human milk total thiamine at 4, 12, and 24 weeks postpartum 

b. Maternal ThDP at 24 weeks postpartum 

c. Maternal TKac at 24 weeks postpartum 

and assess whether this depends on the presence/absence of genetic hemoglobin 
disorder for the following outcomes: 
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a. Maternal ThDP at 24 weeks postpartum 

b. Maternal TKac at 24 weeks postpartum 

3. To estimate the usual household salt intake from mean fortnightly salt disappearance 
(weight lost, in g). 

4. In a subset of 100 lactating women, to estimate: 

a. Salt intake of lactating women, their male partners (if applicable), and their 
children 24-59 months (if applicable) using observed weight salt intake 
records 

b. Sodium intake using 24 hr urinary sodium concentrations in lactating women 

5. To test for differences between the 0 mg and 10 mg treatment groups on the following 
outcomes at 24 weeks postpartum: 

a. Composite and 5 subscales of Mullen 

b. VPC Novelty score and the attention and processing speed subscales 

c. Language Preference Task scores 

d. Oculomotor scores 

6. To determine the effect of inflammation, as measured by C-reactive protein (CRP) 
and α-1-acid glycoprotein (AGP) on the following outcomes: 

a. Maternal ThDP at 2 and 24 weeks postpartum  

b. Infant ThDP at 24 weeks postnatal 

 

33 STUDY METHODS 

3.1 Overall Study Design 

Randomised placebo controlled, double-blinded, four-parallel arm, multicentre trial. 

3.2 Selection of study population 

3.2.1 Inclusion criteria 

Mothers of a newborn who: 

1. are aged 18 – 45 years 

2. had a recent normal pregnancy (i.e. no known chronic conditions, no preeclampsia, 
gestational diabetes etc), and the singleton infant was born without complications (e.g. 
low birth weight (<2.5 kg), tongue tie, cleft palate) 

3. are intending to exclusively breastfeed for six months 

4. reside in Kampong Thom province, and are not planning to move in the next six 
months 
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5. are willing to consume one capsule daily from 2 weeks through to 24 weeks 
postpartum 

6. are willing for her entire household consume only salt provided by the study team 

7. are willing to have study samples collected at 2, 4, 12 and 24 weeks postpartum 

3.2.2 Exclusion criteria 

1. Currently taking or has taken thiamine-containing supplements over the past 4 months 

2. Currently participating in nutrition programs beyond normal care 

3.3 Treatment groups 

Participants are randomised to receive supplements containing one of the following: 

1. 0 mg thiamine (placebo, negative control group) 

2. 1.2 mg thiamine as thiamine hydrochloride (EAR group) 

3. 2.4 mg thiamine as thiamine hydrochloride (double EAR group) 

4. 10 mg thiamine as thiamine hydrochloride (positive control group) 

The supplements will be packaged in 14-capsule blister packs delivered to participants every 
two weeks. Participants will be asked to consume one capsule per day from 2 weeks to 24 
weeks postpartum. 

3.4 Method of treatment group assignment and randomisation 

Two product codes for each intervention group (total of 8 product codes), in the form of 3 
letters followed by 8 numbers, were used to assist with blinding. The randomisation schedule 
was produced by the study statistician using ralloc.ado version 3.7.6 in Stata version 15.1. 
Health centre (listed below) was used to define the strata and randomly permuted blocks of 
size 8 were used within strata to assign participants to one of the 8 product codes in the ratio 
1:1:1:1:1:1:1:1. The assignment of product codes to intervention groups was performed by an 
independent individual and kept separate from the randomisation schedule. The 
randomisation was performed using sealed envelopes containing a unique participant ID and 
the assigned product code that were distributed to each health centre. 

Stratification Variable Categories 
Health centre Tboung Kapoeur Health Centre 

Kampong Svay Health Centre 
Sankor Health Centre 
Chey Health Centre 
Salavisai Health Centre 
Prey Kuy Health Centre 
Prey Pros Health Centre 
Srayov Health Centre 
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3.5 Blinding 

Participants, study staff and study investigators are blinded to treatment group allocation. 
Data analysts will necessarily be unblinded while performing the analysis. 

3.6 Sample size 

To detect a clinically meaningful difference of 40 μg/L in human milk total thiamine 
concentration between any two treatment groups with 90% power, assuming a SD of 43 µg/L 
(estimated SD of control group in a Cambodian thiamine-fortified fish sauce trial[1]) 48 
women are required per treatment group, or a total of 192 women. This sample size allows 
for 20% attrition and is based on a two-sided alpha of 0.0083 for each of the 6 pairwise 
comparisons between 4 treatment groups to maintain an overall alpha of 0.05. Recruitment of 
320 participants (80 per group) was planned to allow for some uncertainty in the assumed 
values, particularly the SD which may be larger than anticipated. 

Simulations of 500 dose-response curves for human milk total thiamine concentration were 
conducted to estimate the precision that this sample size would provide for addressing the 
primary study objective (i.e. for estimating the dose required to achieve 90% of the average 
maximum human milk total thiamine concentration). Data were simulated based on an 
average minimum and maximum concentration of 136 µg/L[1] and 210 µg/L[2] respectively, 
with a SD of 43 μg/L[1], and reaching 50% and 90% of the maximum average concentration 
at dose 1.2 mg/d (EAR group) and 2.4 mg/d (double EAR group) respectively. Assuming a 
dose-response Emax curve, the precision of the estimated dose is ±1.29 mg/d (i.e. the 95% 
confidence interval for the estimated dose will be within ±1.29 mg/d of the point estimate). 

 

44 SEQUENCE OF PLANNED ANALYSIS 

4.1 Interim analysis 

There are no planned interim analyses for this study. 

4.2 Final analysis and reporting 

Once data collection and cleaning is complete, the database will be locked and unblinded 
treatment codes will be included in the database; a blinded analysis is not possible for 
estimating dose response curves. Analysis of all primary and secondary outcomes will be 
performed as described in this SAP and the results of the statistical analyses will be made 
available to the Principal Investigator. 

Any post-hoc, exploratory analyses which were not specified in this SAP will be clearly 
identified in the final report.  
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55 GENERAL ISSUES FOR STATISTICAL ANALYSIS 

5.1 Analysis software 

All analyses will be performed using R version 3.4.4 or later. 

5.2 Analysis approach 

The primary analyses will be performed using an intention-to-treat (ITT) approach, where 
analyses will be conducted according to the randomised treatment group regardless of 
participants’ compliance with the protocol. Secondary ‘per-protocol’ analyses will be 
performed including only women who consumed ≥80% capsules over the 22-week 
intervention period. 

5.3 Methods for withdrawals, missing data and outliers 

All available data collected up until time of withdrawal will be included in the statistical 
analysis.  

Multiple imputation using chained equations will be performed separately by randomised 
treatment group to address missing data under a missing at random assumption. A total of 
100 imputations will be performed to ensure <1% loss of power compared to full information 
maximum likelihood[3]. Covariates pre-specified for adjustment in the analysis will be 
included in the imputation model, along with other auxiliary variables useful for improving 
the prediction of missing values. Conclusions will be based on the results obtained using 
imputed data, with sensitivity analyses performed on unimputed data. 

Outliers will not be excluded from the primary analysis unless a data entry error is confirmed. 

5.4 Protocol violations and deviations 

No participants will be excluded from the primary intention-to-treat analyses due to protocol 
deviations. 

For the secondary ‘per-protocol’ analyses, only women who consumed ≥80% capsules over 
the 22-week intervention period will be included. 

5.5 Data transformations 

No data transformations are planned. The statistical analyses detailed in Section 7 are based 
on assumptions about the distribution of the outcomes. If these assumptions turn out to be 
invalid, data transformations may be required. Log transformation is expected to be required 
for analysis of Oculomotor score. 

5.6 Covariates for adjustment 

Both unadjusted and adjusted analyses will be performed for some outcomes. Conclusions for 
these outcomes will be drawn from the adjusted analyses, with unadjusted analyses 
performed for completeness and to potentially confirm the results of the adjusted analyses. 

All adjusted analyses will be adjusted for health centre, since it was used as a stratification 
variable in the randomisation process. Adjustment will also be made for additional variables 
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collected at 2 weeks postnatal which are potential confounders for some outcomes and these 
have been identified a priori (see Section 7). 

If convergence is an issue, some potential confounders may be excluded from the adjusted 
analysis. Any deviation from the planned adjustment covariates will be documented in the 
final report. 

5.7 Planned subgroup analyses 

For the secondary outcomes of maternal and infant ThDP and TKac, secondary analyses will 
be performed to test for evidence of effect modification by presence/absence of genetic 
hemoglobin disorder. 

Analysis of secondary outcomes on Mullen, VPC Novelty Scores, Language Preference Task 
scores, and oculomotor scores will be performed in a subset of women comparing only those 
who were assigned to receive 0 mg/d (placebo) to those who were assigned to receive 10 
mg/d (positive control) of thiamine. 

 

5.8 Multiple comparisons and multiplicity 

Since there is only one primary outcome for the trial and less importance will be placed on 
the results of the secondary outcomes and the secondary analyses testing for interactions, no 
adjustment will be made for multiple outcomes and analyses being performed.  

Since conclusions will be drawn based on the adjusted results (where performed) using the 
imputed data, no adjustment will be made for the fact that both adjusted and unadjusted 
analyses are being performed (where applicable) on both raw and imputed datasets. 

For secondary outcomes where the objective of the analysis is to compare the four treatment 
groups, multiple comparisons will be addressed by first testing whether there is any evidence 
of a treatment group effect. Where this test reaches statistical significance (P<0.05), post-hoc 
tests will be performed to test for differences between each pair of treatment groups and 
Tukey’s honestly significance difference (HSD) will be used to control the type I error rate 
across the 6 pairwise tests.  
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66 DESCRIPTIVE STATISTICS 

6.1 Participant flow 
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6.2 Baseline characteristics (2 weeks postnatal) 

A descriptive comparison of the randomised groups will be conducted on all baseline 
characteristics in the 2 weeks postnatal questionnaire. Iron biomarkers ferritin and soluble 
transferrin receptor, vitamin A marker retinol binding protein, and C-reactive protein (CRP) 
and α-1-acid glycoprotein (AGP) at baseline will also be included. Means and standard 
deviations, or medians and interquartile ranges will be reported for continuous variables. 
Frequencies and percentages will be reported for categorical variables. 

 

6.3 Measurement of treatment compliance 

Treatment compliance will be assessed descriptively by treatment group based on the number 
of unused capsules (Module 1.2 from Fortnightly monitoring data collection sheet) counted 
every fortnight over the 22 week intervention period. 

6.4 Missing data 

Missing data will be assessed descriptively by treatment group for each outcome variable and 
potential confounder. 

6.5 Randomisation errors 

Information listed below will be summarised descriptively by treatment group: 

• Number of mothers randomised in the wrong stratum 
• Number of mothers given the wrong treatment 
• Number of mothers discovered to be ineligible after randomisation 

 

77 STATISTICAL ANALYSES 

In this section, the following details are provided for each outcome variable that will be 
analysed to address the study objectives specified in Section 2: 

• Outcome: A detailed description of the outcome variable, including the type of 
variable and how it will be calculated (if applicable). 

• Analysis: The type of statistical analysis to be performed and parameters to be 
estimated. 

• Adjustment: Where relevant, the covariates at 2 weeks postnatal (stratification 
variables and potential confounders) to adjust for in the adjusted analysis. 

For each outcome variable, parameter estimates will be accompanied by 95% two-sided 
confidence intervals and statistical significance will be assessed at the 0.05 level using a two-
sided test, unless otherwise specified.  
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7.1 Emax curve 

Analysis of the primary and several secondary outcomes will be based on the Emax curve. 
The Emax curve is defined as: 

 

where  is the baseline concentration without supplementation,  is the maximum effect 
of supplementation,  is the dose that produces half of the maximum effect of 
supplementation and corresponds to the inflection point at which the effectiveness of higher 
doses starts to decrease, and  is the slope or Hill factor.  

The nonlinear Least squares model for the primary outcome will be formulated as: 

 

For secondary outcomes involving testing for effect modification by presence or absence of 
genetic hemoglobin disorder (GD), additional coefficients ( , ,  and ) will be added to all 
parameters of the Emax curve. The model will be formulated as: 

 

Evidence of curve shape differences between presence or absence of genetic hemoglobin 
disorder will be determined by global Likelihood ratio tests. Further testing of the four 
additional coefficients, in the form of , will be conducted following 
evidence (P<0.05) from the global test.  

The parameter of interest for this study is the dose required to achieve 90% of the maximum 
concentration (i.e. 90% of ) and this will be estimated from the fitted Emax curve 
with variance estimated from non-parametric bootstrapping of 100 resamples. For outcomes 
where there is evidence of curve difference by genetic hemoglobin disorder status (P<0.05 for 
likelihood ratio test), separate estimates for the dose required to achieve 90% of the 
maximum concentration with and without genetic hemoglobin disorder will be reported. 
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7.2 Primary outcome variable 

7.2.1 Human milk total thiamine concentration (24 weeks) 

Outcome: Continuous outcome of total thiamine concentration (µg/L) in maternal 
human milk at 24 weeks postpartum.  

Analysis: Fit an Emax curve using nonlinear least squares approach. Estimate of 
the dose that reaches 90% concentration (with 95% CI) will be reported. 

 

7.3 Secondary outcome variables 

7.3.1 Infant thiamine diphosphate concentration (24 weeks) 

Outcome: Continuous outcome of infant thiamine diphosphate concentration 
(ThDP; nmol/L) at 24 weeks postpartum.  

Primary analysis: Fit an Emax curve using nonlinear least squares approach. Estimate of 
the dose that reaches 90% concentration (with 95% CI) will be reported. 

Secondary analysis: Fit an Emax curve using nonlinear least squares approach allowing 
curve to vary by presence/absence of genetic hemoglobin disorder. 
Estimates of the dose that reaches 90% concentration by genetic 
hemoglobin disorder status will be reported following evidence from 
the global test. Second, test for a linear relationship using linear 
regression with CRP at 24 weeks and treatment group as predictors. 
Estimate of the mean change (with 95% CI) in ThDP for one unit 
increase in CRP will be reported. Third, test for a linear relationship 
using linear regression with AGP at 24 weeks and treatment group as 
predictors. Estimate of the mean change (with 95% CI) in ThDP for one 
unit increase in AGP will be reported. 

Adjustment: Health centre (linear regressions only) 
 

7.3.2 Human milk total thiamine concentration (4 weeks and 12 weeks) 

Outcome: Continuous outcome of total thiamine concentration (µg/L) in maternal 
human milk at 4 weeks and 12 weeks postpartum.  

Primary analysis: Fit a separate Emax curve for 4 and 12 weeks using nonlinear least 
squares model. Estimate of the dose that reaches 90% concentration 
(with 95% CI) at each timepoint will be reported. 

Secondary analysis: Fit a linear mixed effects model to outcome at 4, 12, and 24 weeks with 
treatment group, time, and treatment by time interaction as predictors. 
Treatment effects (difference in mean total concentration) will be 
estimated separately for each time point if the interaction p-value is 
<0.05 and for both time points combined otherwise. 

Adjustment: Health centre, human milk total thiamine at 2 weeks postnatal (linear 
mixed effects model only) 
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7.3.3 Infant transketolase activity coefficient (24 weeks) 

Outcome: Continuous outcome of infant transketolase coefficient (TKac) at 24 
weeks postpartum.  

Primary analysis: Fit an Emax curve using nonlinear least squares approach. Estimate of 
the dose that reaches 90% concentration (with 95% CI) will be reported. 

Secondary analysis: Fit an Emax curve using nonlinear least squares approach allowing 
curve to vary by presence/absence of genetic hemoglobin disorder. 
Estimates of the dose that reaches 90% concentration by genetic 
hemoglobin disorder status will be reported following evidence from 
the global test. 

 

7.3.4 Maternal thiamine diphosphate concentration (24 weeks) 

Outcome: Continuous outcome of maternal thiamine diphosphate concentration 
(ThDP; nmol/L) at 24 weeks postpartum.  

Primary analysis: Fit an Emax curve using nonlinear least squares approach. Estimate of 
the dose that reaches 90% concentration (with 95% CI) will be reported. 

Secondary analyses: First, fit an Emax curve using nonlinear least squares approach allowing 
curve to vary by presence/absence of genetic hemoglobin disorder. 
Estimates of the dose that reaches 90% concentration by genetic 
hemoglobin disorder status will be reported following evidence from 
the global test. Second, test for a treatment effect using linear regression 
and estimate a difference in mean concentration. Third, test for a 
treatment effect using linear regression with treatment group and 
treatment by genetic hemoglobin disorder interaction. Treatment effects 
(difference in mean concentration) will be estimated separately by 
genetic hemoglobin disorder where the relevant interaction term has a 
p-value <0.05. Pairwise comparisons will be reported following 
evidence of a treatment group effect (see Section 5.8). Fourth, test for a 
linear relationship using linear mixed effects model with CRP at 2 and 
24 weeks postnatal, time and treatment group as predictors. Estimate of 
the mean change (with 95% CI) in ThDP for one unit increase in CRP 
will be reported. Fifth, test for a linear relationship using linear mixed 
effects model with AGP at 2 and 24 weeks postpartum, time and 
treatment group as predictors. Estimate of the mean change (with 95% 
CI) in ThDP for one unit increase in AGP will be reported. 

Adjustment: Maternal ThDP at 2 weeks postpartum, health centre (linear regressions 
and mixed effects models only) 

 

7.3.5 Maternal transketolase activity coefficient (24 weeks) 

Outcome: Continuous outcome of maternal TKac at 24 weeks postpartum.  

Primary analysis: Fit an Emax curve using nonlinear least squares approach. Estimate of 
the dose that reaches 90% concentration (with 95% CI) will be reported. 
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Secondary analyses: First, fit an Emax curve using nonlinear least squares approach allowing 
curve to vary by presence/absence of genetic hemoglobin disorder. 
Estimates of the dose that reaches 90% concentration by genetic 
hemoglobin disorder status will be reported following evidence from 
the global test. Second, test for a treatment effect using linear regression 
and estimate a difference in mean TKac. Third, test for a treatment 
effect using linear regression with treatment group and treatment by 
genetic hemoglobin disorder interaction. Treatment effects (difference 
in mean TKac) will be estimated separately by genetic hemoglobin 
disorder where the relevant interaction term has a p-value <0.05. 

Adjustment: Maternal TKac at 2 weeks postpartum, health centre (linear regressions 
only) 

 

7.3.6 Household salt intake 

Outcome: Continuous outcome of total salt consumption (g) in one day.  
Primary analysis: Descriptive means and standard deviation (overall and by number of 

individuals in the household) of total salt consumption within a day in a 
subset of 100 households. 

Secondary analysis: Descriptive means and standard deviation of the difference in salt 
intake, and intraclass correlation coefficient, between two days in a 
subset of 75 households.  

 

7.3.7 Individual salt intake 

Outcome: Continuous outcome of individual table salt intake (g) measured 
throughout one day by field staff.  

Primary analysis: Descriptive means and standard deviation of salt intake for a subset of 
100 lactating women, their male partners (if applicable), and their 
children 24-59 months (if applicable). 

 

7.3.8 Sodium intake 

Outcome: Continuous outcome of urinary sodium concentration (mmol/24 hours) 
in lactating women.  

Primary analysis: Descriptive means and standard deviation of urinary sodium 
concentration in a subset of 100 lactating women. 

 

7.3.9 Mullen (composite and 5 subscales) 

Outcome: Continuous outcomes of Composite Mullen and the 5 subscales of the 
Mullen at 24 weeks postpartum.  
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Primary analysis: Test for a treatment effect using a separate linear regression model for 
each outcome and estimate a difference in means (positive control 
minus placebo).  

Adjustment: Mullen scales at 2 and 12 weeks postpartum and health centre 
 

7.3.10 VPC novelty score and attention and processing speed subscales 

Outcome: Continuous outcomes of VPC novelty score and the attention and 
processing speed subscales at 24 weeks postpartum.  

Primary analysis: Test for a treatment effect using a separate linear regression model for 
each outcome and estimate a difference in means (positive control 
minus placebo). 

Adjustment: Hammersmith at 2 weeks postpartum and health centre 
 

7.3.11 Language Preference Task score 

Outcome: Continuous outcome of Language Preference Task score at 24 weeks 
postpartum.  

Primary analysis: Test for a treatment effect using a linear regression model and estimate 
a difference in means (positive control minus placebo). 

Adjustment: Hammersmith at 2 weeks postpartum and health centre 
 

7.3.12 Oculomotor scores 

Outcome: Continuous outcome of Oculomotor scores at 24 weeks postpartum.  
This outcome is expected to follow a skewed distribution and hence a 
log or other appropriate transformation will be applied prior to analysis. 

Primary analysis: Test for a treatment effect using a linear regression model and estimate 
a difference in means (positive control minus placebo). 

Adjustment: Health centre 
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