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1. Chapter 4 Appendices

Appendix Table 1.1: Semi-structured interview guides

Below is an example interview guide used for in depth interviews with women who had used 
the injectable or implant in the last 5 years.

Interview Guides

Introduction
- Welcome, thank and inform participants of the purpose of the interview. 

- Summarise topics to be covered and expected duration. 

-

Close
- Draw the discussion to a close and provide a brief summary of what has been discussed

- Provide opportunity for participants to add anything extra they would like to or ask any questions

- Thank all for participation

Pre-interview questions: Women 

Topic Questions What we want to know

Background How old are you?
Are you married?
Do you have any children? If so, how many 
children do you have? 

Have you ever been to school? If so, what 
was the highest grade you achieved?

What is your religion?

Do you have a job? If so, what is your job?

Have you ever used any method in order to 
time or prevent pregnancy? If so, what 
methods did you use? 

Previous fertiltiy and contraceptive 
behaviour

Interview guide: Women users
Topic Questions What we want to know

Motivations for use At what times in your life have you used 
methods of contraception? Why did you 
decide to use it? What were the benefits and 
disadvantages of using it? 

How many children do you want to have or 
why did you want the number you have got?

Why people use family planning
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Reproductive Health

Use of the 
injectable/implant

Switching and 
Discontinuation

Quality of life implications

What factors affect your decision about 
when to have children and how long to wait 
between each child?

Do you face any challenges to your health in
general, particularly your reproductive 
health? When you are not using 
contraception, how is your experiences with 
your periods and sexual health? Do you face
any challenges? 

Tell me about when you used the 
injectable/implant.
When did you first receive it?
How long have you been using it/used it for 
without interruption? 
When was the last time you used the 
method?
Where did you obtain it? 
Why did you choose to use that method over
othe methods? 

Did you discuss using this method with your
husband, family or friends before using it?
What were their opinions about it?

Before you used the injectable/implant, did 
you use any other contraception or methods 
to prevent pregnancy?
Why did you decide to change to the 
injectable/implant?

If you have stopped using the 
injectable/implant, what led you to make the 
decision to stop? How did this decision fit 
with your desire for more or no more 
children? Are there any other reasons why 
you stopped?

If you stopped using the injectable/implant, 
have you used any other methods to avoid 
pregnancy? 
Why did you choose to use those methods? 
Were they better than using the 
injectable/implant? If so why?

Are there any other factors that influenced 
your decision not to use the method any 
longer?

Can you tell me about your experience while
you were using the injectable/implant?

Health status in general

Details of usage

Motivations for use

Acceptance of use by network

Motivations for switching to injectable

Motivations for discontinuation

Motivations for switching

General motivations for not using 

Impact of use of injectables on 
women’s quality of life
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Experience of side-effects

Others’ experiences with 
side-effects

Variation in side-effect 
experiences

Summary question

What benefits did it have?
What downsides did it have?
How did it impact your daily life and 
activities?

Whilst using the method, did you experience
any side-effects or health consequences as a 
result of using the injectable?
If so, what were they?

Can you tell me more about *mentioned 
side-effect*? 
How often did you experience this? 
When after starting the injectable did you 
experience it? 
How severe was your experience? 
How did it impact your daily life and 
activities? 

Did you experience any positive changes as 
a result of using contraception? What were 
they? Why were they so positive?

Did you speak to your health care provider 
about *mentioned side-effect*? 
What was their advice? 

Did you take any actions as a result of 
experiencing *mentioned side-effect*?

Among your close friends and family, have 
they ever experienced any side-effects or 
health consequences as a result of using the 
injectable/implant? 
If so, what did they experience?

How did these side-effects impact their 
quality of life? 

Sometimes people report effects of 
contraception which may not be true. Have 
you heard from anyone about effects of 
contraception that you think are not true? 
What effects have you heard about which 
you think definitely are true? 

Do you think different women experience 
greater or fewer side-effects from the 
injectable/implant? 
Why do you think that is?

If you could design the perfect 

What health impacts women 
experienced whilst using the injectable

Details of each side-effect and its 
impact on quality of life

 

Positive side-effects

Health care engagement when 
experiencing side-effects

Actions on account of side-effects e.g. 
discontinuation

Other’s experience of side-effects and 
which types mentioned

Impact on quality of life

Rumours vs experience

Local ideas of what is causing side-
effects and variation of experience

Rounding up and identifying the most 
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contraceptive, e.g. how long it lasted 
for/mode of administration/good and bad 
effects, what would it be?

Is there anything else you would like to say 
about your experience using contraception, 
in particular the injectable contraceptive? Do
you have any questions for us?

salient issues
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Appendix Table 1.2: Side-effect symptoms reported

The side-effects discussed referenced a huge range of symptoms, both experienced by a 
woman herself and experienced by those in her social network. The below table shows the 
different ways women described the side-effects, prioritising a literal translation, and 
different symptoms they experienced, coupled with the different frequencies of mention in 
our sample.

Word used Injection/implant Type of side-effect Personal
refs 

Heard
of refs

bleeding didn’t stop Injection Bleeding 2 1
too much bleeding Injection Bleeding 1 1
excessive bleeding Injection/Implant Bleeding 1 5
menstrual irregularity Injection/Implant Bleeding 2 2
menstrual disturbances Injection Bleeding 1
bleeding for a full month Injection/Implant Bleeding 1
not seeing menses Injection Bleeding 4 4
not seeing menses regularly Injection Bleeding 1
irregular menses Injection Bleeding 1
menses was not coming Injection Bleeding 3 1
no menstruation Injection Bleeding 2 3
period stopped Injection Bleeding 1
heavy bleeding Injection/Implant Bleeding 5 4
aching pain [with bleeding] Injection Bleeding 2
irregular bleeding Injection/Implant Bleeding 2
bleeding 3 times a month Injection Bleeding 1
bleeding was very minimal Injection Bleeding 1
bleeding when I was not 
expecting it

Injection Bleeding 1

no menses for 2 years after 
[taking]

Injection Bleeding/
Fertility

2

period accumulated causing
heavy bleeding upon giving 
birth

Injection Bleeding/
Fertility

1

[they] have conceived while 
on it 

Injection Failure 2

became pregnant whilst 
using

Injection Failure 1 3

delay in becoming pregnant Implant Fertility 2
couldn’t conceive by the 
time she wants

Injection Fertility 1 2
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couldn’t conceive as she 
stops

Injection Fertility 1 

not able to get pregnant Injection Fertility 1
have to wait at least 2 years 
[to conceive]

Injection Fertility 1

causes abnormal pregnancy Injection Fertility 1
cannot give birth Injection Fertility 1
become infertile Injection Fertility 3
menses accumulate in the 
abdomen causing infertility

Injection Fertility 1

using [depo] will mean it 
takes too long to get 
pregnant

Injection Fertility 1

breasts becoming dry 
[producing no breast milk]

Injection Fertility

feel sick Injection General illness 2
makes me severely ill Implant General illness 2
fever Injection General illness 1
feel ill Injection General illness 1
fluctuating blood pressure Implant General illness 1
raised blood pressure Injection General illness 2 3
become hypertensive Unclear General illness 1
fatigue Injection General illness 1
tired Injection General illness 3 1
no energy Injection General illness 1
couldn’t stand from bed Injection General illness 1
impossible to walk after age 
40

Injection General illness 1

weakens the bones Injection General illness 1
will cause cervical cancer Injection General illness 1
sleep disturbance Injection General illness 1
whiny Injection Mood 1
behavioural change 
[depression, boredom, 
irritability]

Injection Mood 1

my head becomes light Implant Nausea and dizziness 1
blurring of vision Injectable Nausea and dizziness 1
dizzy Implant Nausea and dizziness 1
dizzy Injection Nausea and dizziness 3 1
nausea Injection Nausea and dizziness 1 1
vertigo Injection Nausea and dizziness 2
back pain Injection/implant Pain 1 5
joint pain Injection Pain 2
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muscle pain Injection/implant Pain 1
stomach pain Injection Pain 1
burning sensation on their 
stomach

Injection Pain 1

abdominal cramp Injection Pain 1
severe pain on the injected 
hand

Injection Pain 1

difficulty holding materials 
due to pain

Injection Pain 1 1

couldn’t move their 
arms/hands

Implant Pain 2 3

weakness on the side of their
body

Implant Pain 1

headache Injection Pain 7 1
pain [general] Injection Pain 3
pain at the injection site Injection Pain 1
pain at the insertion site Implant Pain 1
severe headache Implant Pain 2
severe headache Injection Pain 2 1
not able to move my arms Unclear Pain 1
improved menstrual pain 
after contraception

Unclear Pain 1

sex desire decreased Injection Sex 2
 decrease in sexual feeling Injection Sex 1 1
vaginal discharge Injection Sex 2
developed lesions on [their] 
skin

Unclear Skin 1

melasma Injection Skin 2 2
dots on the face Injection Skin 2 1
rash on the face Injection Skin 1
ruined the face Implant Skin 1
swollen abdomen Injection Weight 3 1
gained weight Injection/Implant Weight 6 5
weight increased Injection Weight 4 5
lost weight Injection Weight 3
felt dry like a stick [became 
very thin]

Injection Weight 1 1

made [her] very thin Implant Weight 2 1
makes [them] fat Injection Weight 2
significant weight gain Implant Weight 1
increased appetite Injection/Implant Weight 1 2
get hungry a lot Implant Weight 1
decreased appetite Injection Weight 1
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Appendix Table 1.3: Codebook used for thematic analysis of qualitative 
discussions

Below shows the names of coding nodes, numbers of discussions each node is mentioned in, 
and how many times in is referenced, as used in NVivo 12 to analyses the qualitative 
discussions. 

Name
Discussions 
mentioned in

References

Desires 0 0

Child quality of life 4 4

Fertility preferences 18 46

Improved methods 20 27

Timing of conception 10 16

Space for health 6 9

Space for personal edu or health 7 12

Space for wealth 17 33

Use for country 4 4

Women in bad conditions most need to plan 2 2

Menses 1 1

Using pill to see menses 7 13

Valuing menses 14 29

Regularity 5 7

Repro health before 18 25

Service provision 3 4

Advice from service providers 15 45

Taking milk 5 5

Implant promotion 6 9

Where 14 20

Side-effects 20 75

Enduring SE 0 0

Not worth enduring 9 15

Worth enduring 9 20

Endure despite SE 5 8

General burden or severity 16 36

Method specific side-effects 0 0
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Name
Discussions 
mentioned in

References

Implant side-effects 11 31

Injectable side-effects 21 60

Types of SE 0 0

Bleeding 18 45

Amenhorrea 14 30

Heavy bleeding and weight loss 7 9

No bleeding and weight gain 8 11

Blood pressure 8 12

Failure 11 26

Fatigue 3 5

General illness 5 6

Headache 12 21

Infertility 11 27

Libido 2 5

Mood 6 8

Nausea and dizziness 8 12

Other 13 33

Pain 14 33

Return to fertility 10 17

Skin SE 7 15

Stomach SE 8 13

Weight gain 17 51

Weight loss 9 19

Variation in side-effects 16 39

Blood compatibility 9 13

Variation by diet 11 22

Variation by physical activity 10 13

Women in bad conditions most susceptible 11 19

Social information 2 3

Advice 9 19

Husband's approval 21 43

Perceived experiences 20 55

Perceived rumours 13 18
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Name
Discussions 
mentioned in

References

Who gives social information 15 34

Use details 0 0

Discontinued 19 39

Discontinuation leading to pregnancy 8 12

Emergency contraception 3 3

How long 7 10

Impact on rest of life 20 38

Method comparisons 11 18

Positives of contraception 13 25

Started any contraception 3 3

Switched 18 46

Used coil 6 8

Used implant 11 18

Used injection 20 40

Used pill 10 21

When 19 32

Why choice 16 33

Secrecy 3 3
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2. Chapter 5 Appendices

Appendix Figure 2.1: Summary plot of covariate balance before and after 
conditioning. 

Conditioning was used as part of an Inverse Probability Weighting analysis to check for reverse 
causality by making two comparable groups of a. current injectable users (minimum 3 months) versus
b. had no contraceptive method or pregnancy in the last 24 months). This plot shows that balance was 
improved on all variables after adjustment, bringing within the threshold value of .1 for absolute mean
differences.
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Appendix Figure 2.2: Plot showing the number of missing values in each 
variable in the dataset.
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Appendix Figure 2.3: Missing values map showing distribution of 
missingness across the dataset.
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3. Chapter 6 Appendices

Appendix 3.1: Exclusion criteria details used for creation of final analytical
sample

368 participants were recruited into the study (Figure 1 in the paper); 152 injectable users, 
100 implant, users and 115 non-users. Those who were lost to follow up or had at least one 
time point of side-effect measurement missing were excluded (N=37) for a complete case 
analysis of side-effect prevalence. On top of these, those who were unable to be reached for 
background data collection (N=15 total, 3 removed additionally) were also excluded. 
Exclusion criteria also included those who switched method or adopted a new method (N = 
10) and contraceptive initiators who had start dates recorded more than a week before or after
baseline symptom collection (N=40) were excluded as they violate study assumptions of 
consistent method usage and symptom recording upon initiation and monthly afterwards. (Of 
the final users sample, 140 started their contraceptive on the same day as the baseline side-
effects measure, 35 started up to a week after, and 3 started up to a week before.) This left us 
with a final analytical sample of 278; 106 injectable users, 72 implant users, and 100 non-
users. 
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Appendix 3.2: Developed side-effect measurement instrument

Side-Effect Symptoms Tool

Age ___ ___ Kebele _________________________     Date __________________________

Type of contraception using: None ____ Injectable _____ Implant _____ Date started contraceptive episode: ______________

Symptoms Module – Read out

We will now ask you some questions about different symptoms you may have experienced this month. Firstly, I will ask 
you how often you have experienced this symptom and then how severe was your experience. Finally, I will ask you how 
much this experience bothered you – was it a big problem for you or was it only minor bother?

(a) During the last month, did you experience…

 

(b)  How severe was it? (c)   How much did this experience bother you?

Mild Moderate Severe Not at all Little Some-what A lot

Q1 increased appetite

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 2

 

Q2 decreased appetite 

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 3

 

Q3 fever
O Most of the time Answer parts

(b) and (c) ®
O O O O O O O

O Some of the time
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(a) During the last month, did you experience…

 

(b)  How severe was it? (c)   How much did this experience bother you?

Mild Moderate Severe Not at all Little Some-what A lot

O None of the time
¯  Go to 
question 4

 

Q4 raised blood pressure

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 5

 

Q5 fatigue

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 6

 

Q6 feeling dizzy or light 
headed

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 7

 

Q7 sleep disturbance

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 8

 

Q8 back or joint pain

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 9

 

Q9 pain in your arm O Most of the time Answer parts O O O O O O O
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(a) During the last month, did you experience…

 

(b)  How severe was it? (c)   How much did this experience bother you?

Mild Moderate Severe Not at all Little Some-what A lot

(b) and (c) ®O Some of the time

O None of the time
¯  Go to 
question 10

 

Q10 development of marks
on your face 
(melasma/skin 
discolouration)

O Yes
Answer parts
(b) and (c) ®

O O O O O O O

O No
¯  Go to 
question 11

 

Q11 gaining weight
O Yes

Answer parts
(b) and (c) ®

O O O O O O O

O No
¯  Go to 
question 12

 

Q12 losing weight

O Yes
Answer parts
(b) and (c) ®

O O O O O O O

O No
¯  Go to 
question 13

 

Q13 not seeing your period
(a missed period)

O Yes
Answer part 
(c) ®

      O O O O

O No
¯  Go to 
question 14

 

Q14 feeling nervous or 
irritable

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 15

 

Q15 feeling nauseated O Most of the time Answer parts O O O O O O O
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(a) During the last month, did you experience…

 

(b)  How severe was it? (c)   How much did this experience bother you?

Mild Moderate Severe Not at all Little Some-what A lot

(b) and (c) ®O Some of the time

O None of the time
¯  Go to 
question 16

 

Q16 headaches or 
migraines

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 17

 

Q17 acne 

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 18

 

Q18 swollen, tender or 
painful breasts 

O Most of the time Answer part 
(c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 19

 

Q19 lower abdominal pain 
(below the belly button)

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 20

 

Q20 lower abdominal 
bloating (below the belly 
button) (abdominal 
distension)

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 21
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(a) During the last month, did you experience…

 

(b)  How severe was it? (c)   How much did this experience bother you?

Mild Moderate Severe Not at all Little Some-what A lot

Q21 vaginal discharge 
(excluding bleeding)

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 22

 

Q22 heavy bleeding

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 23

 

Q23 prolonged bleeding 
(longer than my normal 
menses)

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 24

 

Q24 bleeding or spotting 
that was not my period 
(intramenstrual bleeding) 

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 25

 

Q25 reduced sexual 
enjoyment and/or desire 

O Most of the time Answer parts
(b) and (c) ®

O O O O O O O
O Some of the time

O None of the time
¯  Go to 
question 26
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Now I will ask you some questions about your day to day activities to understand whether your symptoms affected your 
ability to carry out your activities. Firstly, I will ask about whether your carried out the activities, if you couldn’t do them 
because of your symptoms, or if you don’t do these activities normally. Then, if you did do it or couldn’t because of your 
symptoms, I will ask you whether about how much difficulty you had carrying them out due to the symptoms we discussed. 
Finally, I will ask you about how much any difficulty you had bothered you.  

(a) During the last month, have you…

(b)  Due to the symptoms we have 
discussed, have you been able to carry 
out these activities…

(c)  Did any difficulty in carrying out 
this activity bother you …

As usual
With some 
difficulty

With much 
difficulty

Not at 
all

Little
Some-
what

A lot

Q26 carried out your 
job (money generating 
activities/employment)

O Yes I carried out my job
Answer parts
(b) and (c) ®

O O O O O O O
O No I couldn’t carry out my job 
because of my symptoms

O No I didn’t do a job
¯  Go to 
question 27

Q27 undertaken some 
education (studying for
a degree/qualification)

O Yes I attended my education
Answer parts
(b) and (c) ®

O O O O O O OO No I couldn’t attend education  
because of my symptoms

O No I didn’t attend education 
¯  Go to 
question 28

Q28 conducted daily 
chores (e.g. carrying 
items, cleaning 
clothes, grinding etc.)

O Yes I conducted chores
Answer parts
(b) and (c) ®

O O O O O O OO No I couldn’t conduct any chores 
because of my symptoms 

O No I didn’t conduct any chores
¯  Go to 
question 29

Q29 cared for your 
child/children

O Yes I cared for my children
Answer parts
(b) and (c) ®

O O O O O O OO No I couldn’t care for my children 
because of my symptoms 

O No I didn’t care for my children ¯  Go to 
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(a) During the last month, have you…

(b)  Due to the symptoms we have 
discussed, have you been able to carry 
out these activities…

(c)  Did any difficulty in carrying out 
this activity bother you …

As usual
With some 
difficulty

With much 
difficulty

Not at 
all

Little
Some-
what

A lot

question 30O I don’t have children 

Q30 had a harmonious 
relationship with my 
husband

O I am married and had a harmonious 
relationship

Answer parts
(b) and (c) ®

O O O O O O OO I couldn’t have a harmonious 
relationship with my husband because
of my symptoms

O I am married and could not have a 
harmonious relationship for other 
reasons

¯  Go to 
question 31

O I am not married

Q31 carried out 
religious practices 
(praying/attending a 
place of worship)

O Yes I carried out religious practice
Answer parts
(b) and (c) ®

O O O O O O OO No I couldn’t carry out religious 
practice because of my symptoms 

O No I didn’t carry out religious 
practice

¯  Go to 
question 32

Q32 been planning 
when and how many 
children to have

O Yes I have been planning when to 
have children

Answer parts
(b) and (c) ®

O O O O O O OO No I have been unable to plan when
to have children because of my 
symptoms

O No I have not been planning when 
to have children ¯  End 

questionsO No I have not been planning when 
to have children
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Appendix Table 3.3: Variables included for analysis.

Variable Measured (questions, groupings, and analysis treatment) Justification
Outcomes: Side-effects symptoms and impacts
Symptom 
frequency 

Symptom level– 1/0 from most, some, none of the time in the 
last month. 

Survey level – summed number of symptoms experienced – 
“Symptom number” 

Measure of whether a symptom was 
experienced or not. Covered 25 symptoms 
derived from qualitative discussions of reported
side-effects among women in the local area. 
Summed number of symptoms allows a total 
score out of 25 for each survey as to the 
symptom burden experienced. 

Symptom 
severity

Symptom level– 0-3 from not experienced, experienced mildly,
experienced moderately, experienced severely. (Binary 
sensitivity analysis using 1/0 for moderately & severely vs 
mildly & not experienced.) 

Survey level – summed number of symptoms experienced – 
“Symptom severity score”

Measure of how severely a symptom was 
experienced as qualitative discussion indicated 
wide variation in the severity or intensity of 
symptoms. Summed severity scores of 
symptoms allow a total score out of 75 for each 
survey as to the symptom burden experienced 
weighted by the severity of each symptoms.

Impact on daily 
activities

Survey level - 6 activities. Binary variable 0/1 created from 
undertook the activity with no impact from symptoms (0) vs 
undertook the activity or could not undertake it because of the 
experienced symptoms. Those who would not otherwise 
undertake the activity anyway were coded as missing.

Measure of whether the overall symptoms level 
experienced in the last month had impacted 7 
different daily activities, chosen based on 
qualitative discussions of side-effect impacts. 

Exposures
Contraceptive use
Contraceptive 
use 

Injectable user, implant user, or non-user. Participants recruited
into one of 3 groups. Switchers and adopters excluded from 

Injectable and implants are the most commonly 
used methods in Ethiopia, making up nearly 
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analysis. 90% of modern contraceptive prevalence. Non-
users were recruited as a control group. 

Socio-demographics  
Age Continuous, in years Hormone levels reduce nearer to menarche and 

menopause. Our inclusion criteria of 20-30 
reduce risk of recruiting women near to these 
events. Age may also influence side-effect 
reporting.  

Ecology Rural; Urban. Measured at the level of kebele. Rural kebeles 
will be selected through characteristics such as predominant 
housing type, higher levels of food insecurity, high levels of 
agricultural labour and below average income levels of 4500 
ETB per month or 54,000 ETB annually. Urban middle-class 
kebeles were selected based on high levels of sedentary/service-
based occupations, access to main roads/urban centres, no food 
insecurity, relative affluence, high quality housing, and above 
average income levels of 4500 ETB per month or 54,000 ETB 
annually.

Measure of area of residence is predictive of 
many other sociodemographic, nutritional, and 
physical factors. Also, cultural variation in 
lifestyle and outlook may predict likelihood to 
report side-effects. 

Education None/Primary School; Secondary School; Higher 
education/technical training. Self-reported highest level of 
education attended. 

Education is associated with choice of 
contraception and likely reported of side-effect 
symptoms.

Religion Self-reported and categorised into Christian Orthodox, Muslim,
Protestant and Other. Other include Waqefeta, a local 
traditional religion, and Catholicism. 

Likely associated with contraceptive choice and
possibly symptoms reporting. Associated with 
impact of symptoms, particularly bleeding 
symptoms. 

Marital status Self-reported as ‘married’ which comprised of legal marriage, 
traditional or informal, and cohabiting living as married. 

Likely associated with contraceptive choice and
possibly symptoms reporting. Associated with 
impact of symptoms.
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Socioeconomic 
quintile

Quintiles of socioeconomic score (1 = low, 5 = high). Based on 
several variables (such as roof type or bank account ownership)
transposed into a composite score using the ‘equity tool’, 
allowing calculation of a country specific measurement that 
places individuals into wealth quintiles 
(http://www.equitytool.org/ethiopia/  ).  

Lower socioeconomic status has shown to be 
associated with lower progesterone levels in an 
urban Bolivian population (Vitzthum et al., 
2002) and may drive many of the other risk 
factors for side-effects. 

Physical stress 
Occupation type Housewife or none; physical occupation (farmer, skilled 

manual labourer, unskilled labourer); non-physical occupation 
or student (professional, studying, trader). Based on self-
reported categories.

Increased energy expenditure and physical 
activity has been associated with suppressed 
reproductive investment even in cases where 
there is not a calorie deficit (Jasienska, 2001). 
Participants in qualitative studies also report 
that those with hard physical workloads in their 
occupations are those that suffer most with 
side-effects. 

Vigorous work Self-reported that their work (including paid and unpaid work, 
household chores) contained vigorous activity (activities that 
require hard physical effort and cause large increases in 
breathing or heart rate, such as cutting crops, digging, 
shovelling, or grinding for at least 10 minutes continuously)

As above. All 4 metrics are derived from the 
World Health Organisation (WHO) 
standardised activity metric, the GPAQ tool 
(Global Physical Activity Questionnaire)
(Keating et al., 2019). This asks about vigorous 
and moderate work and leisure activities and 
travel time, asking how many days a week each 
activity is undertaken and roughly how many 
minutes per day is spent in each activity. These 
activities are then weighted by their intensity 
and used to calculate. 

Moderate work Self-reported that their work (including paid and unpaid work, 
household chores) contained moderate activity (activities that 
require moderate physical activity and cause small increases in 
breathing or heart rate such as walking carrying light loads, 
planting and harvesting, washing, or tending to animals for at 
least 10 minutes continuously)

Travel activity 
time

A self-reported metric of how many minutes per week an 
individual spends walking or cycling in travel from place to 
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place.
MET minutes A metric of minutes of physical activity per week, weighted by 

the intensity of that activity. 
Nutritional stress
Food insecurity Binary summary of whether a participant answered yes to any 

of the following questions about the past four week: 1) have 
your family members eaten a smaller meal than you felt 
needed? 2) have your family members eaten fewer meals in a 
day than you felt needed? 3) have your family members had no 
food of any kind to eat in your household at least once?, and 4) 
have your family members gone to sleep at night hungry? Each 
questions also included as a binary variable to investigate 
contribution of each. 

Food security questions are based on a reduced 
set of the Household Food Insecurity Access 
Scale (HFIAS) (Piperata et al., 2023). This 
gives a general indicator of nutritional and 
economic stress.
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Frequency of egg
and meat 
consumption

Participants were asked how often they ate 12 food groups in 
the last month. Response options were: more than once per day,
once per day, 3–6 times per week, 1–2 times per week, 1–2 
times per month and less than once per month. This measure 
was based on a similar food frequency questionnaire asked in a 
diet study in Hawassa, a city in southern Ethiopia. It was 
chosen for its concision (compared to diary measures or 24 
hour recall), local applicability, and coverage of multiple food 
types and capture of frequency (Darebo, Mesfin and 
Gebremedhin, 2019).

For eggs, these were grouped into more than once a week, 1-2 
times a week, and less than once a month to create three 
roughly evenly sized categories. For meat, these were grouped 
into more than once a month, and less than once a month to 
create two roughly evenly sized categories.

Diet composition, particularly protein and fat 
levels, have been associated with hormone 
levels (Gaskins et al., 2009; Yeung et al., 
2013). Additionally, participants in qualitative 
studies report that side-effects may be mitigated
by eating a high-quality diet, specifically 
referencing eating eggs and meat. 
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Anaemia Self-reported measure of whether they had had anaemia in the 
last year. 

Anaemic women previously have been shown 
to be at greater risk of discontinuation due to 
side-effects (Stevens et al., 2022) and anaemia 
may indicate nutritional deficiencies or 
presence of infection (Chaparro and Suchdev, 
2019) 

Health and Reproduction
Recent symptoms
of infection prior 
to use

Participants were asked if they had experienced a fever, a 
cough, or diarrhoea in the last three months. 

Recent illness is predicted to be associated with 
suppressed progesterone levels and increased 
inflammation has been shown to be associated 
with lowered reproductive hormone levels
(Clancy, Baerwald and Pierson, 2016). 

Age at menarche Self-reported in years and treated continuously Earlier age of menarche is predicted to be 
associated with higher progesterone levels as 
earlier age of menarche has been associated 
with greater rates of ovulatory cycles and levels
of ovarian steroid hormones (Apter and Vihko, 
1983).

Ever been 
pregnant

Self-reported. May indicate general fecundity. 

Parity Measured through successive birth history. Categories into 0, 1,
and more than 2. 

Nulliparous women have been found to have 
lower progesterone levels (Landgren and 
Diczfalusy, 1980).

Time since last 
birth

Self-reported months since last birth. Categorised into 0-6 
months, 7-12 months, 13-24 months ago, over 24 months ago. 

Recent birth may be associated with lowered 
reproductive hormone levels after birth and 
increased depletion of maternal resources in 
general, and thus increased susceptibility to 
side-effects. 
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Breastfeeding 
status

Self-reported as to whether participant is currently 
breastfeeding. Frequency of breastfeeding was also collected 
but not included in this variable. 

As breastfeeding women do not return to 
cycling as quickly as non-breastfeeding women,
due to the suppression of GnRH pulses among 
breastfeeding women. Thus, they maintain low 
levels of progesterone postpartum (Ingram et 
al., 2007), it is predicted that breastfeeding 
women will have lower progesterone levels. 
Additionally, breastfeeding is very energetically
costly and so may be associated with 
suppressed reproductive investment.  

Anthropometrics
Weight Measured using a Tanita BC-730 body composition monitor 

using single frequency bioelectrical impedance (BIA) scale and
recorded in kilograms.  Used with height (measured in 
centimetres) to calculate body mass index (BMI). 

Weight has been associated with higher 
progesterone levels, but this relationship is not 
clear and may be inverse U-shaped (Vitzthum 
et al., 2002; Jasienska, 2010).

Body fat 
percentage.

Measured using a Tanita BC-730 body composition monitor 
using single frequency bioelectrical impedance (BIA) scale 
with bare feet and recorded to nearest percentage. 

Body fat percentage has also been associated 
with higher progesterone levels but this 
relationship is also not clear and may be inverse
U-shaped (Vitzthum et al., 2002; Jasienska, 
2010).
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Appendix Figure 3.4: Autoplots from principle component analyses of all symptoms after baseline across groups. 
Axes show the two top dimensions which explain the most variation in symptoms, plotted against each other among non-users, injectable and 
implant users at all time points except baseline. Percentages listed on axes explain the proportion of variance that the dimensions explain. The 
more similar the direction of the arrows, the more often those symptoms co-occur. The longer the arrow, the more that symptom contributes to 
variation in that dimension.
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Appendix Figure 3.5: Correlation plot showing correlation between different side-effects among contraceptive users 
after 3 months of use
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Appendix Figure 3.6: Directed Acyclic Graphs and Choices of adjustment 
variables

Directed Acyclic Graph showing hypothesised causal relationships between constructs 
included in our study. (No exposures or outcomes specified and including hormone levels as
a hypothesised, unmeasured (oval shape) mechanistic pathway)
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(1) DAG for assessing change in number and severity of side-effect symptoms across 
contraceptive groups. 

For our first analysis, using our DAG, we identified a minimum adjustment set of age, parity, 
socioeconomic status, and urban/rural residence to remove any confounding ‘back doors.’ 
After preliminary examination of the data, we also observed high prevalence of fever at the 
start of the study particularly among non-users, suggesting a degree of illness upon enrolment
which may bias our estimates. We hypothesise this may be driven by the high prevalence of 
covid in the local population around this time and disproportionate recruitment of non-users 
who were ill due to their contact with HEWs for treatment. Therefore, we also include as an 
adjustment variable whether an individual reported having a fever at baseline in interaction 
with the month of the survey to account for illness and recovery in our data.
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(2) DAG for assessing risk factors for side-effects. 

When estimating the effect of physical or nutritional risk factors on side-effect symptoms, we
identified a minimum adjustment set of age, urban/rural residence, education, religion, and 
socioeconomic status to minimise bias from confounding pathways in our estimates. Whilst 
adjustment variables did vary slightly depending on individual risk factors, they remained 
fairly consistent across risk factors and as this is an exploratory risk factor analysis, we 
choose to keep our adjustment factors consistent to allow comparison across estimates. 
Method type was also included to account for any differences between injectable and implant 
users.
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(3) DAG for assessing impact of side-effects. 

We can see here that when estimating the effect of specific side-effect symptoms on whether 
an individual reported that their symptoms in the last month impacted certain daily activities, 
there are many potential backdoor biasing pathways. The minimum adjustment set that we 
chose to close of these pathways, based on this DAG, include adjusting for contraceptive 
group, parity, urban/rural residence, socioeconomic status, occupation, marital status, 
religion, and education. 
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Appendix Table 3.7: Comparison table of characteristics of those included 
or not included for analysis.

Variable N Overall, N =
3681

0, N = 901 1, N = 2781 p-value2

contraception 36
7

0.003

    None 115 (31%) 15 (17%) 100 (36%)

    Injectable 152 (41%) 46 (52%) 106 (38%)

    Implant 100 (27%) 28 (31%) 72 (26%)

# symptoms at 
month 0 (baseline)

36
6

3.0 (1.0, 5.8) 4.0 (2.0, 6.0) 3.0 (1.0, 5.0) 0.078

# symptoms at 
month 1

34
4

4.00 (2.00,
6.00)

4.00 (2.00,
6.00)

4.00 (1.25,
6.00)

0.2

# symptoms at 
month 2

34
8

4.00 (2.00,
6.00)

4.00 (2.00,
7.00)

3.00 (2.00,
6.00)

0.039

# symptoms at 
month 3

35
2

3.00 (2.00,
5.00)

4.00 (2.00,
6.00)

3.00 (2.00,
5.00)

0.004

age 35
3

24.0 (21.0,
27.0)

25.0 (23.0,
27.0)

23.0 (21.0,
27.0)

0.013

rural/urban 
residence

35
3

0.028

    Rural 162 (46%) 26 (35%) 136 (49%)

    Urban 191 (54%) 49 (65%) 142 (51%)

kebele 35
3

<0.00
1

    Adama City 1 48 (14%) 12 (16%) 36 (13%)

    Adama City 14 48 (14%) 5 (6.7%) 43 (15%)

    Adama City 4 46 (13%) 19 (25%) 27 (9.7%)

    Adama City 9 49 (14%) 13 (17%) 36 (13%)

    Adulala Hate 48 (14%) 18 (24%) 30 (11%)
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    Awash Melkasa 21 (5.9%) 0 (0%) 21 (7.6%)

    Didimtu 47 (13%) 3 (4.0%) 44 (16%)

    Wenji Kuriftu 46 (13%) 5 (6.7%) 41 (15%)

highest education 
level attained

35
3

0.6

    None/Primary 
School

128 (36%) 27 (36%) 101 (36%)

    Secondary School 118 (33%) 22 (29%) 96 (35%)

    Higher 
education/technical 
training

107 (30%) 26 (35%) 81 (29%)

occupation 35
3

0.2

    housewife or none 174 (49%) 41 (55%) 133 (48%)

    non-physical job or 
student

135 (38%) 29 (39%) 106 (38%)

    physical job 44 (12%) 5 (6.7%) 39 (14%)

socioeconomic 
quintile

34
8

0.035

    1 38 (11%) 5 (6.9%) 33 (12%)

    2 68 (20%) 7 (9.7%) 61 (22%)

    3 98 (28%) 24 (33%) 74 (27%)

    4 66 (19%) 13 (18%) 53 (19%)

    5 78 (22%) 23 (32%) 55 (20%)

had anaemia in the 
last year

35
3

0.025

    had anaemia 71 (20%) 22 (29%) 49 (18%)

    no anaemia 282 (80%) 53 (71%) 229 (82%)

time since last birth 23
1

0.6
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    0-6 months ago 55 (24%) 14 (24%) 41 (24%)

    13-24 months ago 59 (26%) 18 (31%) 41 (24%)

    7-12 months ago 62 (27%) 15 (26%) 47 (27%)

    Over 24 months 
ago

55 (24%) 11 (19%) 44 (25%)

ever been pregnant 35
3

0.012

    Has been pregnant 235 (67%) 59 (79%) 176 (63%)

    Never been 
pregnant

118 (33%) 16 (21%) 102 (37%)

parity 35
3

0.001

    0 122 (35%) 17 (23%) 105 (38%)

    1 125 (35%) 23 (31%) 102 (37%)

    2+ 106 (30%) 35 (47%) 71 (26%)

Breastfeeding 
status

35
3

0.035

    Currently 
breastfeeding

146 (41%) 39 (52%) 107 (38%)

    Not currently 
breastfeeding

207 (59%) 36 (48%) 171 (62%)

age at menarche 35
1

14 (14, 15) 14 (14, 15) 14 (14, 15) 0.9

weight 35
3

52 (46, 58) 53 (46, 61) 51 (46, 57) 0.2

BMI 35
3

20.7 (18.4,
23.1)

21.6 (18.4,
24.2)

20.5 (18.4,
22.8)

0.2

body fat percentage 34
4

25 (18, 30) 26 (20, 33) 24 (18, 30) 0.062

egg consumption 35
0

0.14

    More than twice a 
week

97 (28%) 26 (36%) 71 (26%)
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    1-2 times a week 138 (39%) 29 (40%) 109 (39%)

    Less than once a 
week

115 (33%) 18 (25%) 97 (35%)

meat consumption 35
1

0.082

    More than once a 
month

163 (46%) 41 (55%) 122 (44%)

    Less than once a 
month

188 (54%) 33 (45%) 155 (56%)

food security 35
3

0.2

    Food insecure 98 (28%) 16 (21%) 82 (29%)

    Food secure 255 (72%) 59 (79%) 196 (71%)

had a smaller meal 
than usual in last 4 
weeks

35
3

88 (25%) 15 (20%) 73 (26%) 0.3

had fewer meals 
than usual in last 4 
weeks

35
3

57 (16%) 9 (12%) 48 (17%) 0.3

had no food in the 
house in last 4 
weeks

35
3

8 (2.3%) 0 (0%) 8 (2.9%) 0.2

went to sleep 
hungry in last 4 
weeks

35
3

12 (3.4%) 2 (2.7%) 10 (3.6%) >0.9

MET minutes of 
activity (WHO 
measure)

34
8

2,680 (1,550,
5,580)

2,720 (1,400,
4,280)

2,640 (1,560,
6,240)

0.3

work includes 
vigorous exercise

35
3

37 (10%) 3 (4.0%) 34 (12%) 0.039

work includes 
moderate exercise

35
3

334 (95%) 72 (96%) 262 (94%) 0.8

average time spent 
walking/cycling for 
travel per day

35
0

40 (30, 60) 40 (30, 60) 40 (30, 60) 0.7

1 n (%); Median (IQR)
2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test
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Appendix Table 3.8: Sociodemographic characteristics and risk factors of 
the analysis sample split by contraceptive group

Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

age 278
23.0

(21.0,
27.0)

22.0
(20.0,
24.2)

25.0
(23.0,
28.0)

23.0
(21.0,
27.0)

<0.0
01

rural/urban 
residence

278 0.4

    Rural 136
(49%)

45 (45%) 51 (48%) 40
(56%)

    Urban 142
(51%)

55 (55%) 55 (52%) 32
(44%)

highest education 
level attained

278 <0.0
01

    None/Primary School 101
(36%)

19 (19%) 48 (45%) 34
(47%)

    Higher 
education/technical 
training

81 (29%) 43 (43%) 24 (23%)
14

(19%)

    Secondary School 96 (35%) 38 (38%) 34 (32%) 24
(33%)

religion 278 0.028

    Orthodox Christian 152
(55%)

42 (42%) 66 (62%) 44
(61%)

    Muslim 37 (13%) 19 (19%) 11 (10%) 7 (9.7%)

    Protestant and other 89 (32%) 39 (39%) 29 (27%) 21
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Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

(29%)

currently married 278 166
(60%)

12 (12%) 89 (84%) 65
(90%)

<0.0
01

socioeconomic 
quintile

276 >0.9

    1 33 (12%) 11 (11%) 12 (11%) 10
(14%)

    2 61 (22%) 21 (21%) 27 (26%) 13
(18%)

    3 74 (27%) 26 (26%) 25 (24%) 23
(32%)

    4 53 (19%) 19 (19%) 22 (21%) 12
(17%)

    5 55 (20%) 22 (22%) 19 (18%) 14
(19%)

    Unknown 2 1 1 0

occupation 278 <0.0
01

    housewife or none 133
(48%) 27 (27%) 57 (54%) 49

(68%)

    non-physical job or 
student

106
(38%) 63 (63%) 29 (27%) 14

(19%)

    physical job 39 (14%) 10 (10%) 20 (19%) 9 (12%)

work includes 278 34 (12%) 10 (10%) 13 (12%) 11 0.6
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Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

vigorous exercise (15%)

work includes 
moderate exercise

278 262
(94%)

93 (93%) 99 (93%) 70
(97%)

0.5

MET minutes of 
activity (WHO 
measure)

273
2,640

(1,560,
6,240)

2,160
(1,440,
4,320)

3,600
(1,560,
6,720)

3,560
(1,860,
6,640)

0.005

    Unknown 5 1 3 1

average time spent 
walking/cycling for 
travel per day

275
40 (30,

60)
55 (30,

60)
60 (30,

60)
40 (30,

60) 0.7

    Unknown 3 0 3 0

food security 278 0.2

    Food secure 196
(71%) 77 (77%) 70 (66%) 49

(68%)

    Food insecure 82 (29%) 23 (23%) 36 (34%) 23
(32%)

had a smaller meal 
than usual in last 4 
weeks

278 73 (26%) 18 (18%) 35 (33%) 20
(28%) 0.047

had fewer meals 
than usual in last 4 
weeks

278 48 (17%) 14 (14%) 21 (20%)
13

(18%) 0.5

had no food in the 
house in last 4 
weeks

278 8 (2.9%) 2 (2.0%) 5 (4.7%) 1 (1.4%) 0.5

went to sleep 
hungry in last 4 

278 10
(3.6%)

2 (2.0%) 7 (6.6%) 1 (1.4%) 0.2

49



Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

weeks

egg consumption 277 0.7

    More than twice a 
week 71 (26%) 24 (24%) 27 (25%) 20

(28%)

    1-2 times a week 109
(39%) 45 (45%) 38 (36%) 26

(37%)

    Less than once a 
week 97 (35%) 31 (31%) 41 (39%) 25

(35%)

    Unknown 1 0 0 1

meat consumption 277 0.2

    More than once a 
month

122
(44%) 37 (37%) 48 (46%) 37

(51%)

    Less than once a 
month

155
(56%) 63 (63%) 57 (54%) 35

(49%)

    Unknown 1 0 1 0

had anaemia in the 
last year

278 0.012

    no anaemia 229
(82%)

91 (91%) 80 (75%) 58
(81%)

    had anaemia 49 (18%) 9 (9.0%) 26 (25%) 14
(19%)

experienced any of 
the three symptoms 
of infection in last 3 

278 0.4
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Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

months

    no symptoms of 
infection

172
(62%)

58 (58%) 65 (61%) 49
(68%)

    had symptoms of 
infection

106
(38%)

42 (42%) 41 (39%) 23
(32%)

age at menarche 276 14 (14,
15)

14 (13,
15)

14 (14,
15)

15 (14,
15)

0.3

    Unknown 2 1 1 0

ever been pregnant 278 <0.0
01

    Never been 
pregnant

102
(37%) 85 (85%) 15 (14%) 2 (2.8%)

    Has been pregnant 176
(63%) 15 (15%) 91 (86%) 70

(97%)

parity 278 <0.0
01

    0 105
(38%) 86 (86%) 15 (14%) 4 (5.6%)

    1 102
(37%) 8 (8.0%) 46 (43%) 48

(67%)

    2+ 71 (26%) 6 (6.0%) 45 (42%) 20
(28%)

time since last birth 173 0.13

    0-6 months ago 41 (24%) 2 (14%) 17 (19%) 22
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Variable N
Overall, 
N = 2781

None, 
N = 1001

Injectable, 
N = 1061

Implant, 
N = 721 p-value2

(32%)

    13-24 months ago 41 (24%) 4 (29%) 23 (25%) 14
(21%)

    7-12 months ago 47 (27%) 2 (14%) 24 (26%) 21
(31%)

    Over 24 months ago 44 (25%) 6 (43%) 27 (30%) 11
(16%)

    Unknown 105 86 15 4

Breastfeeding status 278 <0.0
01

    Not currently 
breastfeeding

171
(62%) 96 (96%) 56 (53%) 19

(26%)

    Currently 
breastfeeding

107
(38%) 4 (4.0%) 50 (47%) 53

(74%)

weight 278 51 (46,
57)

50 (44,
56)

51 (47,
56)

54 (48,
60) 0.010

body fat percentage 269 24 (18,
30)

22 (16,
28)

24 (19,
29)

27 (19,
32) 0.024

    Unknown 9 4 2 3

bmi 278
20.5

(18.4,
22.8)

19.4
(18.0,
22.1)

20.6
(18.5,
22.9)

21.3
(19.6,
23.5)

0.009

1 Median (IQR); n (%)
2 Kruskal-Wallis rank sum test; Pearson’s Chi-squared test; Fisher’s exact test
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Appendix Figure 3.9: Descriptive plots showing the percent that experienced each symptom over time for each 
contraceptive group. 
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Appendix Figure 3.10: Bar plots showing proportion of each contraceptive group that experienced each symptom at 
baseline and each month following.
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Appendix Table 3.11: Evidence of association of change in each symptom from baseline across contraceptive groups 
for crude and adjusted estimates. ‘o’ represents no evidence of an association in a given month and ‘+’ or ‘–’ represent a positive or 
negative association respectively to p<0.05. For instance ‘o o o +’ would represent no evidence for a change from baseline in month 1 and 2 but 
evidence to p<0.05 of an increase from baseline in month 3 (shown in bold). Adjustment variables include ecology, socioeconomic status, age, 
parity, and baseline fever in interaction with month. 

Crude Adjusted
None Injectable Implant None Injectable Implant

Increased appetite o o o o o + + + o o o o o o o o o + + + o o o o
Decreased appetite o o - o o o o o o o o o o o o o o o o o o o o o
Fever o o o - o o + + o o o o o o o o o o o o o o o o
Increased blood pressure o o o o o o o o o o o o o o o o o o o o o o o o
Fatigue o o - o o o + + o + + o o o o o o o + + o + + o
Dizziness o o - - o o o o o o o o o o o - o o o o o o o o
Sleep disturbance o o o o o o o o o o o o o o o o o o o o o o o o
Back and joint pain o o o o o o o o o o o o o o o o o o o o o o o o
Arm pain o o o o o o o o o + o o o o o o o o o o o + o o
Face marks o - o o o o - o o o o o o - o o o o - o o o o o
Gained weight o o o - o o o o o o o o o o o - o o o o o o o o
Lost weight o o o o o o o o o o o o o o o o o o o o o o o o
Not having a period o o o o o o o o o + + + o o o o o o o o o + + +
Nervousness o o o o o o o o o o o o o o o o o o o o o o o o
Nausea o o o o o - o o o o o o o o o o o - o o o o o o
Headache o o o o o o o o o o o o o o o o o o o o o o o o
Acne o o - - o o o o o + + o o o o o o o o o o + + o
Breast tenderness o o o - o o o o o o o - o o o o o o o o o o o -
Abdominal pain o o o o o o o o o o o o o o o o o o o o o o o o
Abdominal bloating o o o o o o o o o o o o o o o o o o o o o o o o
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Crude Adjusted
None Injectable Implant None Injectable Implant

Discharge o o o - o o o o o o + o o o o o o o o o o o + o
Heavy bleeding o o o o o o o o o o o o o o o o o o o o o o o o
Prolonged bleeding o o o o o o o o o o o o o o o o o o o o o o o o
Intramenstrual bleeding o o o o o o o o o - o - o o o o o o o o o - o -
Reduced sex drive or 
enjoyment

o o o o o o o o o o o o o o o o o o o o o o o o
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Appendix Table 3.12: Crude associations between risk factors and summed
severity scores among users of contraception at month 3. 

Results show incident rate ratios from individual models (adjusting only for the difference 
between individual baseline symptoms and mean baseline symptoms to eliminate bias by 
regression to the mean) for each risk factor using a Poisson distribution. 

Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Sociodemographic

Age

Age 1.108 1.045 1.175 3.429 0.001 0.002

Residence

Rural ref

Urban 1.813 1.605 2.048 9.554 0.000 0.000

Education

None or Primary ref

Higher education or technical 
training

1.331 1.154 1.535 3.932 0.000 0.000

Secondary school 0.872 0.756 1.005 -1.894 0.058 0.107

Religion

Christian Orthodox ref

Muslim 1.877 1.599 2.204 7.688 0.000 0.000

Protestant and other 1.002 0.872 1.152 0.028 0.978 0.978

Currently married

Currently married 1.043 0.876 1.241 0.471 0.638 0.689

Socioeconomic quintile

1 ref

2 1.073 0.864 1.332 0.639 0.523 0.585

3 1.043 0.844 1.288 0.387 0.698 0.737

4 1.108 0.888 1.383 0.910 0.363 0.443

5 1.365 1.101 1.692 2.834 0.005 0.011

Physical Activity

Occupation

Housewife ref

Non-physical job or student 0.975 0.841 1.130 -0.343 0.732 0.755

Physical job 1.414 1.219 1.640 4.568 0.000 0.000
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Vigorous work activity

Involved vigorous activity 0.981 0.823 1.168 -0.219 0.826 0.843

Moderate work activity

Involved moderate activity 1.029 0.785 1.350 0.209 0.835 0.843

MET weekly activity minutes

MET minutes 1.020 0.960 1.083 0.638 0.524 0.585

Travel activity average minutes

Travel activity time 0.853 0.733 0.993 -2.053 0.040 0.084

Travel activity time squared 1.155 0.997 1.338 1.920 0.055 0.107

Nutritional stress

Food insecurity

Food insecure 1.026 0.905 1.162 0.399 0.690 0.736

Had smaller meal

Had smaller meal 1.061 0.935 1.205 0.917 0.359 0.443

Had fewer meals

Had fewer meal 1.226 1.065 1.410 2.844 0.004 0.011

Had no food in house

Had no food in the house 0.821 0.574 1.173 -1.085 0.278 0.417

Went to sleep hungry

Went to sleep hungry 1.496 1.179 1.897 3.317 0.001 0.002

Egg consumption

More than once a week ref

1 to 2 times a week 1.071 0.918 1.249 0.871 0.384 0.459

Less than once a week 1.147 0.986 1.333 1.778 0.075 0.136

Meat consumption

More than once a month ref

Less than once a month 0.802 0.713 0.902 -3.685 0.000 0.001

Anaemia in last year

Reported having anaemia 1.034 0.900 1.188 0.470 0.639 0.689

Health and Reproduction

Any recent infection symptoms

Had symptoms of infection in last
3 months

1.125 0.997 1.269 1.915 0.055 0.107

Age at menarche
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Age at menarche 0.936 0.882 0.993 -2.195 0.028 0.061

Ever been pregnant

Been pregnant 1.297 1.039 1.619 2.302 0.021 0.049

Parity

0 ref

1 1.425 1.145 1.774 3.170 0.002 0.004

2 1.223 0.975 1.534 1.738 0.082 0.146

Time since last birth

0-6 months ago ref

13 to 24 months ago 1.556 1.275 1.899 4.348 0.000 0.000

7 to 12 months ago 1.846 1.530 2.226 6.410 0.000 0.000

Over 24 months ago 1.788 1.475 2.169 5.904 0.000 0.000

Breastfeeding status

Currently breastfeeding 0.892 0.793 1.004 -1.901 0.057 0.107

Anthropometrics

Weight

Weight 0.974 0.918 1.034 -0.862 0.389 0.459

Body fat

Body fat 1.324 0.999 1.756 1.952 0.051 0.104

Body fat squared 0.728 0.548 0.968 -2.184 0.029 0.062

BMI

BMI 0.982 0.925 1.041 -0.615 0.538 0.594
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Appendix Figure 3.13: Forest plot showing crude association between risk 
factors and summed severity scores among contraceptive users at month 3. 
Results show incident rate ratios from individual models (adjust only for the difference 
between individual baseline symptoms and mean baseline symptoms) for each risk factor 
using a Poisson distribution. 
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Appendix Table 3.14: Adjusted associations between risk factors and 
summed severity scores among users of contraception at month 3. 

Results show incident rate ratios from minimally-adjusted individual models for each risk 
factor using a Poisson distribution. Adjustment variables included age, urban/rural residence, 
socioeconomic status, and the difference between individual baseline symptoms and mean 
baseline symptoms.

Term IRR IRR lower
95% CI

IRR higher
95% CI

Statisti
c

p
value

FDR

Sociodemographic

Currently married

Currently married 1.029 0.855 1.238 0.303 0.762 0.803

Physical Activity

Occupation

Housewife ref

Non-physical job or student 0.752 0.633 0.892 -3.263 0.001 0.006

Physical job 1.377 1.167 1.626 3.779 0.000 0.001

Vigorous work activity

Involved vigorous activity 1.244 1.022 1.515 2.172 0.030 0.085

Moderate work activity

Involved moderate activity 1.332 0.993 1.787 1.913 0.056 0.138

MET weekly activity minutes

MET minutes 1.075 1.004 1.151 2.080 0.038 0.099

Travel activity average minutes

Travel activity time 1.079 0.907 1.284 0.861 0.389 0.493

Travel activity time squared 0.972 0.831 1.137 -0.360 0.719 0.767

Nutritional stress

Food insecurity

Food insecure 1.094 0.942 1.270 1.175 0.240 0.365

Had smaller meal

Had smaller meal 1.098 0.945 1.276 1.220 0.223 0.356

Had fewer meals

Had fewer meal 1.342 1.140 1.578 3.543 0.000 0.002

Had no food in house

Had no food in the house 0.884 0.604 1.294 -0.632 0.527 0.607

Went to sleep hungry

64



Term IRR IRR lower
95% CI

IRR higher
95% CI

Statisti
c

p
value

FDR

Went to sleep hungry 1.474 1.138 1.910 2.935 0.003 0.015

Egg consumption

More than once a week ref

1 to 2 times a week 1.184 1.002 1.398 1.980 0.048 0.123

Less than once a week 1.318 1.103 1.574 3.043 0.002 0.011

Meat consumption

More than once a month ref

Less than once a month 0.838 0.738 0.952 -2.717 0.007 0.028

Anaemia in last year

Reported having anaemia 0.945 0.816 1.096 -0.746 0.456 0.539

Health and Reproduction

Any recent infection symptoms

Had symptoms of infection in 
last 3 months

1.273 1.118 1.449 3.653 0.000 0.002

Age at menarche

Age at menarche 0.934 0.877 0.995 -2.100 0.036 0.098

Ever been pregnant

Been pregnant 1.347 1.067 1.699 2.510 0.012 0.042

Parity

0 ref

1 1.524 1.218 1.907 3.685 0.000 0.001

2 1.154 0.899 1.480 1.126 0.260 0.374

Time since last birth

0 to 6 months ago ref

13 to 24 months ago 1.263 1.020 1.565 2.140 0.032 0.090

7 to 12 months ago 1.731 1.428 2.099 5.578 0.000 0.000

Over 24 months ago 1.629 1.318 2.014 4.516 0.000 0.000

Breastfeeding status

Currently breastfeeding 1.011 0.885 1.155 0.159 0.874 0.901

Anthropometrics

Weight

Weight 0.939 0.877 1.006 -1.793 0.073 0.159

Body fat

Body fat 1.624 1.217 2.166 3.292 0.001 0.006
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statisti
c

p
value

FDR

Body fat squared 0.563 0.418 0.759 -3.775 0.000 0.001

BMI

BMI 0.951 0.886 1.021 -1.388 0.165 0.282
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Appendix Table 3.15: Adjusted association between risk factors and 
summed severity scores among users of contraception at month 2. 

Results show incident rate ratios from minimally-adjusted individual models for each risk 
factor using a Poisson distribution. Adjustment variables included age, urban/rural residence, 
socioeconomic status, and the difference between individual baseline symptoms and mean 
baseline symptoms.

Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Sociodemographic

Currently married

Currently married 0.909 0.757 1.092 -1.016 0.310 0.430

Physical Activity

Occupation

Housewife ref

Non-physical job or student 0.734 0.616 0.875 -3.451 0.001 0.002

Physical job 1.195 1.008 1.416 2.053 0.040 0.079

Vigorous work activity

Involved vigorous activity 1.812 1.513 2.171 6.454 0.000 0.000

Moderate work activity

Involved moderate activity 1.088 0.815 1.452 0.573 0.567 0.698

MET weekly activity minutes

MET minutes 1.206 1.132 1.285 5.810 0.000 0.000

Travel activity average minutes

Travel activity time 0.961 0.808 1.144 -0.447 0.655 0.788

Travel activity time squared 1.120 0.960 1.306 1.440 0.150 0.229

Nutritional stress

Food insecurity

Food insecure 1.198 1.032 1.390 2.377 0.017 0.037

Had smaller meal

Had smaller meal 1.157 0.996 1.344 1.904 0.057 0.099

Had fewer meals

Had fewer meal 1.271 1.078 1.498 2.853 0.004 0.011

Had no food in house

Had no food in the house 1.468 1.060 2.032 2.314 0.021 0.043

Went to sleep hungry
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Went to sleep hungry 1.575 1.211 2.050 3.382 0.001 0.002

Egg consumption

More than once a week ref

1 to 2 times a week 1.067 0.898 1.267 0.733 0.464 0.587

Less than once a week 1.436 1.200 1.717 3.955 0.000 0.000

Meat consumption

More than once a month ref

Less than once a month 1.026 0.902 1.167 0.393 0.694 0.827

Anaemia in last year

Reported having anaemia 1.349 1.173 1.551 4.200 0.000 0.000

Health and Reproduction

Any recent infection symptoms

Had symptoms of infection in last
3 months

1.059 0.926 1.211 0.841 0.400 0.517

Age at menarche

Age at menarche 0.940 0.882 1.002 -1.905 0.057 0.099

Ever been pregnant

Been pregnant 1.100 0.884 1.369 0.855 0.393 0.511

Parity

0 ref

1 1.052 0.856 1.293 0.484 0.628 0.762

2 1.095 0.868 1.380 0.765 0.444 0.565

Time since last birth

0 to 6 months ref

13 to 24 months ago 1.406 1.142 1.731 3.216 0.001 0.004

7 to 12 months ago 1.427 1.178 1.729 3.638 0.000 0.001

Over 24 months ago 1.407 1.134 1.745 3.108 0.002 0.006

Breastfeeding status

Currently breastfeeding 1.057 0.923 1.211 0.807 0.420 0.539

Anthropometrics

Weight

Weight 1.025 0.959 1.097 0.730 0.465 0.588

Body fat

Body fat 1.185 0.904 1.554 1.229 0.219 0.326
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Body fat squared 0.861 0.652 1.136 -1.058 0.290 0.404

BMI

BMI 1.045 0.974 1.121 1.218 0.223 0.330
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Appendix Table 3.16: Adjusted association between risk factors and 
summed severity scores among non-users at month 3. 

Results show incident rate ratios from minimally-adjusted individual models for each risk 
factor using a Poisson distribution. Adjustment variables included age, urban/rural residence, 
socioeconomic status, and the difference between individual baseline symptoms and mean 
baseline symptoms.

Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Sociodemographic

Currently married

Currently married 0.931 0.615 1.409 -0.339 0.735 0.801

Physical Activity

Occupation

Housewife ref

Non-physical job or 
student

0.997 0.749 1.326 -0.022 0.982 1.000

Physical job 1.370 0.911 2.059 1.512 0.131 0.197

Vigorous work activity

Involved vigorous 
activity

1.286 0.883 1.874 1.313 0.189 0.262

Moderate work activity

Involved moderate 
activity

0.456 0.313 0.664 -4.097 0.000 0.003

MET weekly activity minutes

MET minutes 1.207 1.074 1.356 3.164 0.002 0.010

Travel activity average minutes

Travel activity time 1.375 0.930 2.033 1.594 0.111 0.176

Travel activity time 
squared

0.549 0.353 0.854 -2.662 0.008 0.025

Nutritional stress

Food insecurity

Food insecure 0.847 0.623 1.153 -1.054 0.292 0.361

Had smaller meal

Had smaller meal 0.774 0.551 1.087 -1.478 0.139 0.209

Had fewer meals

Had fewer meal 0.862 0.594 1.251 -0.781 0.435 0.518
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Had no food in house

Had no food in the 
house

1.367 0.639 2.921 0.806 0.420 0.503

Went to sleep hungry

Went to sleep hungry 1.046 0.482 2.271 0.113 0.910 0.955

Egg consumption

More than once a week ref

1 to 2 times a week 0.854 0.651 1.119 -1.145 0.252 0.329

Less than once a week 0.853 0.616 1.180 -0.961 0.337 0.412

Meat consumption

More than once a month ref

Less than once a month 0.934 0.713 1.224 -0.497 0.619 0.711

Anaemia in last year

Reported having 
anaemia

0.756 0.476 1.200 -1.185 0.236 0.313

Health and Reproduction

Any recent infection symptoms

Had symptoms of 
infection in last 3 
months

0.680 0.531 0.871 -3.055 0.002 0.011

Age at menarche

Age at menarche 0.830 0.738 0.933 -3.126 0.002 0.010

Ever been pregnant

Been pregnant 0.629 0.423 0.936 -2.285 0.022 0.043

Parity

0 ref

1 0.720 0.460 1.127 -1.435 0.151 0.224

2 0.429 0.228 0.806 -2.630 0.009 0.027

Time since last birth

0 to 6 months ref

13 to 24 months ago 905.302 0.000 Inf 0.000 1.000 1.000

7 to 12 months ago 5517609625.853 0.000 Inf 0.000 1.000 1.000

Over 24 months ago 2.840 0.000 Inf 0.000 1.000 1.000

Breastfeeding status

Currently breastfeeding 0.853 0.441 1.652 -0.470 0.638 0.728
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Term IRR IRR lower
95% CI

IRR higher
95% CI

Statistic p
value

FDR

Anthropometrics

Weight

Weight 0.989 0.878 1.114 -0.183 0.855 0.904

Body fat

Body fat 0.570 0.351 0.927 -2.267 0.023 0.045

Body fat squared 1.832 1.119 3.001 2.407 0.016 0.033

BMI

BMI 1.001 0.891 1.123 0.011 0.991 1.000
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Appendix Table 3.17: Percent of surveys reporting a negative impact of 
symptoms experienced in the last month on 6 different daily activities at 
month 3 split by contraceptive group at all time points. 

N represents the number of surveys where participants undertook that activity (Total N = 
278). 

Impact of symptoms by contraceptive group after 3 months

Variable N
Overall, N =

2781
None, N =

961
Injectable, N

= 1081
Implant, N

= 741 p-value2

Impacted 
employment 174 63 (36%) 21 (36%) 21 (30%) 21 (47%) 0.2

Impacted 
education 121 62 (51%) 14 (23%) 25 (81%) 23 (79%) <0.00

1

Impacted 
daily chores 276 37 (13%) 9 (9.6%) 15 (14%) 13 (18%) 0.3

Impacted 
ability to 
care for 
children

186 17 (9.1%) 0 (0%) 10 (10%) 7 (10%) 0.6

Impacted 
harmonious 
relationship

173 20 (12%) 2 (14%) 11 (12%) 7 (10%) >0.9

Impacted 
religious 
practice

274 23 (8.4%) 4 (4.3%) 8 (7.5%) 11 (15%) 0.040

1 n (%)
2 Pearson’s Chi-squared test; Fisher’s exact test
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Appendix Table 3.18: Crude and adjusted estimates for symptom severity 
score on daily activity impacts. 

Results of logistic regression models investigating the impact of symptom severity scores 
among contraceptive users in month 3 on whether negative impact on a given symptom was 
reported in the last month. Adjusted estimates adjust for contraceptive method, urban rural 
residence, socioeconomic status, parity, occupation, marital status, religion, and education.

Activity Type N Crude OR 95% CI P value Adjusted OR 95% CI P value

Job 116 1.00 0.93 - 1.06 0.950 1.23 1.07 – 1.45 0.007

Education 60 1.02 0.89 – 1.23 0.781 1.13 0.80 – 1.65 0.494

Chores 182 1.12 1.06 - 1.19 <0.001 1.14 1.06 – 1.24 0.001

Childcare 169 1.19 1.11 – 1.28 <0.001 1.19 1.08-1.35 0.001

Relationship harmony 159 1.19 1.11 - 1.29 <0.001 1.18 1.07 – 1.33 0.002

Religious activities 180 1.22 1.13 – 1.32 <0.001 1.31 1.16 – 1.53 <0.001
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Appendix Table 3.19: Estimates from minimally-adjusted models for each daily activity investigating the association 
of each symptom occurrence individually in the third month on whether symptoms were reported to have negatively 
impacted each daily activity.
Models adjusted for contraceptive group, residence, socioeconomic status, parity, occupation type, marital status, religion, and education. 
Symptoms where dashes occur are excluded if there was no one experiencing that symptom among either those who were or were not impacting,
mitigating model estimation. 

  Job Education Daily Chores
Predictors Odds Ratios CI p value Odds Ratios CI p value Odds Ratios CI p value
Increased appetite 1.27 0.33 – 4.89 0.726 0.11 0.01 – 1.94 0.131 1.67 0.63 - 4.41 0.304
Decrease appetite 1.13 0.22 – 5.94 0.885 0.53 0.01 – 36.54 0.768 2.91 0.80 - 10.51 0.104
Fever 0.58 0.10 – 3.50 0.549 0 0 - Inf 0.995 0.82 0.21 - 3.24 0.781
Increased blood pressure - - - - - - 7.90 0.35 - 178.12 0.193
Fatigue 0.79 0.27 – 2.35 0.668 4.97 0.37 – 66.40 0.226 0.74 0.29 - 1.89 0.534
Dizziness 9.34 1.77 – 49.43 0.009 4.7 0.23 – 94.60 0.315 2.65 1.04 - 6.75 0.042
Sleep disturbance 2.79 0.60 – 13.02 0.191 >100 0 - Inf 0.997 4.88 1.46 - 16.31 0.010
Back and joint pain 1.47 0.55 – 3.93 0.439 1.07 0.19 – 5.92 0.941 1.25 0.53 - 2.94 0.604
Arm pain 0.55 0.01 – 3.04 0.493 >100 0 - Inf 0.996 8.11 2.61 - 25.18 <0.001
Face marks 0.87 0.17 – 4.33 0.862 0.28 0.02 – 3.13 0.300 1.05 0.19 - 5.91 0.959
Gained weight 0.66 0.10 – 4.38 0.663 1.73 0.03 – 99.44 0.791 2.03 0.54 - 7.63 0.296
Lost weight 5.33 1.24 – 22.90 0.025 >100 0 - Inf 0.996 4.19 1.35 - 13.02 0.013
Not having a period 3.08 1.17 – 8.14 0.023 0.29 0.05 – 1.68 0.166 1.04 0.43 - 2.52 0.923
Nervousness 1.22 0.37 – 4.00 0.747 0.05 0 – 0.636 0.021 2.26 0.92 - 5.59 0.077
Nausea 2.24 0.59 – 8.58 0.238 0.65 0.05 – 9.32 0.751 0.63 0.18 - 2.20 0.473
Headache 1.14 0.40 – 3.21 0.806 >100 0 - Inf 0.995 1.14 0.46 - 2.86 0.779
Acne 0.90 0.22 – 3.63 0.881 0.61 0.07 – 5.55 0.662 3.94 1.04 - 14.98 0.044
Tender breasts - - - - - 10.33 0.74 - 143.48 0.082
Abdominal pain 1.72 0.54 – 5.47 0.359 >100 0 - Inf 0.995 6.48 2.37 - 17.73 <0.001
Abdominal bloating 0.59 0.09 – 3.80 0.581 >100 0 - Inf 0.997 1.31 0.32 - 5.34 0.705
Discharge 1.69 0.31 – 9.38 0.547 >100 0 - Inf 0.996 0.69 0.12 - 3.85 0.672
Heavy bleeding 1.56 0.25 – 9.90 0.637 >100 0 - Inf 0.997 0.45 0.09 - 2.34 0.345
Prolonged bleeding 0.50 0.10 – 2.52 0.402 13.81 0.17 – 1142.53 0.244 0.49 0.12 - 1.94 0.306
Intramenstrual bleeding 0.30 0.03 – 3.17 0.320 >100 0 - Inf 0.997 0 0 - Inf 0.988

Reduced sex drive and 3.20 0.74 – 13.82 0.120 0.15 0.01 – 2.61 0.196 4.59 1.61 - 13.07 0.004
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enjoyment

  Childcare Relationship harmony Religious activities
Predictors Odds Ratios CI p value Odds Ratios CI p value Odds Ratios CI p value
Increased appetite 1.68 0.48 - 5.92 0.419 1.02 0.29 - 3.60 0.976 0.82 0.22 - 3.00 0.759
Decrease appetite 4.71 1.10 - 20.25 0.037 3.16 0.62 - 16.11 0.166 1.90 0.41 - 8.70 0.410
Fever 0.74 0.12 - 4.45 0.744 1.02 0.18 - 5.87 0.985 0.38 0.04 - 3.44 0.392
Increased blood pressure >100 0 - Inf 0.991 >100 0 - Inf 0.991 0 0 - Inf 0.993
Fatigue 0.60 0.17 - 2.05 0.412 2.45 0.75 - 8.04 0.139 1.86 0.58 - 5.93 0.297
Dizziness 2.93 0.89 - 9.69 0.078 2.38 0.74 - 7.68 0.148 3.28 0.98 - 10.98 0.055
Sleep disturbance 3.81 0.94 - 15.45 0.061 10.89 2.05 - 57.87 0.005 4.15 0.92 - 18.79 0.065
Back and joint pain 1.12 0.35 - 3.59 0.853 2.37 0.79 - 7.14 0.125 3.90 1.24 - 12.23 0.020
Arm pain 37.10 6.01 - 229.22 <0.001 3.70 0.96 - 14.32 0.058 7.96 1.79 - 35.37 0.006
Face marks 0 0 - Inf 0.992 0 0 - Inf 0.992 2.49 0.37 - 16.83 0.350
Gained weight 4.12 0.89 - 19.20 0.072 6.86 1.22 - 38.53 0.029 2.60 0.55 - 12.37 0.231
Lost weight 6.32 1.55 - 25.78 0.010 1.84 0.45 - 7.59 0.399 1.86 0.45 - 7.69 0.392
Not having a period 6.40 1.64 - 24.89 0.007 3.09 3.09 - 9.84 0.056 2.78 0.85 - 9.10 0.092
Nervousness 4.07 1.19 - 13.90 0.025 7.56 2.27 - 25.20 0.001 5.46 1.69 - 17.63 0.005
Nausea 1.01 0.24 - 4.27 0.994 0.61 0.13 - 2.93 0.541 2.62 0.73 - 9.40 0.141
Headache 1.24 0.37 - 4.13 0.729 1.47 0.46 - 4.67 0.515 1.78 0.56 - 5.68 0.327
Acne 0 0 - Inf 0.991 0.57 0.05 - 5.88 0.633 2.15 0.34 - 13.85 0.420
Tender breasts 2.74 0.15 - 51.58 0.501 83.28 3.57 - >1000 0.006 6.40 0.27 - 152.37 0.251
Abdominal pain 10.99 2.45 - 49.43 0.002 4.83 1.40 - 16.61 0.013 12.99 3.25 - 51.91 <0.001
Abdominal bloating 1.08 0.16 - 7.29 0.935 2.78 0.61 - 12.75 0.189 4.66 0.92 - 23.60 0.063
Discharge 0.18 0.18 - 1.95 0.159 0.17 0.01 - 1.92 0.151 1.37 0.22 - 8.38 0.732
Heavy bleeding 0.63 0.09 - 4.44 0.639 2.37 0.48 - 11.70 0.290 7.31 1.75 - 30.59 0.006
Prolonged bleeding 0.30 0.05 - 1.93 0.205 2.50 0.59 - 10.59 0.215 3.28 0.91 - 11.79 0.069
Intramenstrual bleeding 0 0 - Inf 0.992 0.28 0.02 - 3.55 0.323 0.65 0.09 - 4.69 0.668

Reduced sex drive and 
enjoyment

10.66 2.54 - 44.68 0.001 73.98 11.27 - 485.53 <0.001 18.77 4.51 - 78.11 <0.001
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4. Published version of Chapter 5: “Anemic Women are More 
at Risk of Injectable Contraceptive Discontinuation due to 
Side Effects in Ethiopia”
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5. Published version of Appendix Paper “Cultural change 
beyond adoption dynamics: Evolutionary approaches to the 
discontinuation of contraception”
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6. Submitted version of Appendix Paper “Low haemoglobin in 
arduous seasons is associated with reduced chance of 
ovulation among women living in the Bolivian altiplano”
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Abstract 

Study question: Does haemoglobin modulate investment in reproductive function in a rural 

population living in the Bolivian altiplano? 

Summary answer: Lower haemoglobin was associated with reduced odds of ovulation 

during arduous seasons in the studied sample.

What is known already: Female reproductive function flexibly responds to ecological 

variation in energy availability, but the roles of other ecologically limited resources, such as 

iron, remain poorly understood.

Study design, size, duration: A cross-sectional secondary analysis of prospectively collected

data was performed at the level of the menstrual cycle within a sub-sample of women from a 

longitudinal cohort study of a natural fertility (non-contracepting) population. Data collection

was conducted throughout 10 months during 1996.

Participants/materials, setting, methods: We analysed biomarker and sociodemographic 

data across 152 menstrual cycles from 96 women living at 3800m altitude in the Bolivian 

altiplano. Most participants were primarily dependent on agropastoralism, augmented in 

some cases by selling farm products and goods and/or paid labour. Multivariable multilevel 

models were used to investigate (1) whether haemoglobin concentration is associated with 

ecological variation in subsistence strategy and seasonal conditions, and (2) whether 

haemoglobin concentration is associated with the occurrence of ovulation and/or the 

concentration of luteal progesterone, two biomarkers of current investment in reproduction.

Main results and the role of chance: Haemoglobin concentrations were lower in arduous 

seasons among those women more dependent on traditional agropastoral subsistence 

strategies (β = -0.42, 95% CI: -0.80 to -0.04, p = 0.032). Haemoglobin was unrelated to luteal

progesterone concentrations in all seasons and unrelated to risk of ovulation in cycles 

recorded during less arduous seasons. However, during more arduous seasons, a 1 standard 
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deviation increase in haemoglobin was associated with a near 3-fold increase in the 

unadjusted risk of ovulation (Odds Ratio (OR) = 2.59, 95% CI: 1.03 to 6.54, p = 0.043). This 

finding is unlikely to be driven by energetic status alone as the association remained after 

adjusting for body fat, breastfeeding status, and age (adjusted OR = 3.27, 95% CI: 1.10 to 

9.27, p = 0.033).

Limitations, reasons for caution: Without data on infection, immune function, and iron 

stores, our analysis is unable to pinpoint the specific mechanisms underpinning identified 

associations. Our sample may be sensitive to selection bias towards less fertile women 

because pregnant women were excluded.

Wider implications of the findings: When conditions are relatively harsh and may be 

expected to improve, low haemoglobin levels are associated with lower current investment in 

reproduction and reduced fecundity, possibly in favour of investment in current immune 

functioning and/or future reproductive opportunities. Thus, delaying reproduction until 

conditions improve may benefit women with low haemoglobin. These results support the role

of iron, independent of energy stores, as a limiting resource in modulating reproductive trade-

offs. 

Study funding/competing interest(s): Funded by the the Economic and Social Research 

Council (ESRC) and the US National Science Foundation.

Data availability statement

The data underlying this article will be shared on reasonable request.
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1. Introduction

Iron is recognized as an essential nutrient, yet anaemia remains a major global health problem

affecting nearly one-third of all non-pregnant women (Safiri et al., 2021) Maternal anaemia 

increases the risks for poor pregnancy outcomes including maternal and offspring death

(Chaparro and Suchdev, 2019). Various intervention efforts to reduce maternal anaemia have 

not been as successful as expected, often for unknown reasons (Bedwell et al., 2017). 

Intervention strategies to meet the needs of women with maternal anaemia require a better 

understanding of the intricate connections between iron status and the underlying biological 

mechanisms governing fecundity. Here we use a reproductive ecology approach (Vitzthum, 

2009) and prospective physiological data from a traditional high fertility population to shed 

new light on the socio-ecological determinants of variation in iron status in women and the 

consequences of such variation for fecundity across socio-ecological contexts.

Iron, a limited resource (Wade et al., 2021) tightly regulated within the body (Box 1), is 

critical for both successful reproduction and maternal health. An offspring’s survival requires

that a mother transfers sufficient iron to the foetus during gestation, particularly as iron 

concentration in human milk is low. This substantial transfer of iron from mother to foetus 

throughout pregnancy depletes maternal iron stores (Scholl, 2005), leaving women at 

elevated risk of anaemia during pregnancy. Maternal anaemia and low haemoglobin prior to 

and during pregnancy are associated with a host of negative outcomes for mother and baby

(Miller, 2016), including preterm birth, poor maternal and foetal weight gain, low birth 

weight, growth faltering, and obstetric complications. For instance, in the Gambia, women 

with lower haemoglobin levels (defined as <12g/dl) during the two years prior to birth had 

higher mortality rates amongst their children and a greater risk of still births (Sear, 2001). Not

only is iron associated with post-conception outcomes, it may be associated with risk of 

conception itself. In the same Gambian population, women with low haemoglobin levels 
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prior to pregnancy also had increased interbirth-intervals (Sear, Mace and McGregor, 2003). 

In a Polish agricultural population, higher haemoglobin was associated with a thicker 

endometrium, which may increase the chance of successful implantation (Clancy, Nenko and 

Jasienska, 2006). However, the relationship between fertility and iron may be U-shaped as 

women with the highest haemoglobin levels among the Tsimane in Bolivia showed a reduced

chance of fertility across the study period (Miller and Khalil, 2019). There is little 

understanding of the mechanisms underlying the observed associations between iron and 

fecundity. Studies in non-clinical settings are rare, and the lack of a theoretical framework for

understanding normal variation in reproductive outcomes in response to iron biology hinders 

our ability to inform interventions. 

At the physiological level, reproductive ecology studies suggest that iron may regulate 

resource allocation trade-offs between current vs. future reproduction by influencing key 

processes such as energy metabolism, oxidative stress, and immune function (Miller, 2016). 

Reproductive ecology research draws on life history theory (Roff, 1992; Stearns, 1992), a 

branch of evolutionary biology positing that organisms have limited resources for fulfilling 

the basic demands of reproduction, growth, and survival, leading to resource allocation trade-

offs between essential fitness functions. While decades of human reproductive ecology 

research have shown that energy availability modulates reproductive trade-offs across a range

of ecological settings (Prior, 1985, 1987; Vitzthum, 2008; Ellison, 2011), the importance of 

other limited resources, iron being a key candidate given its association with reproductive 

outcomes, remains under-researched (Vitzthum, 2020). That iron is involved in modulating 

the trade-off between current and future reproductive investment is suggested by a study in 

northern Kenya, where higher haemoglobin was associated with a greater chance of having 

resumed menstrual periods post-birth (Miller, 2010). Iron has been shown to be necessary for 

the function of granulosa cells, which make up the follicle surrounding a maturing egg
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(Aleshire et al., 1989, p. 19). With reduced functioning of these cells, the ovaries will 

produce lower oestrogen levels (Kolesarova et al., 2011), the chances of ovulation may 

decrease, and subsequent progesterone levels and endometrial growth would be lower. 

However, how iron modulates ovulation and levels of luteal progesterone, two markers of 

fecundity shaped by energy-dependent reproductive trade-off across a range of ecological 

settings (Vitzthum, 2009), is currently not well understood.
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Box 1: Iron in the body

Mechanistically, iron is a crucial resource for many biological functions, as many 

fundamental bodily processes evolved during a period when available iron was abundant

in the environment (Drakesmith and Wade, 2021). Iron is predominantly used for 

synthesising red blood cells, within which it plays a critical role in the binding of oxygen

to haemoglobin for transportation around the body. Iron also has critical roles in 

enzymes used in respiration, as well as uses in cellular metabolism, survival, and 

proliferation. 

However, iron levels and storage must be carefully regulated as there is no active process

that eliminates iron from the body and excess bioavailable iron can cause oxidative 

damage or can be used by pathogens for increased proliferation. Thus, most of the ~4-5g 

of iron in the body is stored and its release is tightly regulated. Iron is typically stored as 

ferritin and transferrin, levels of which are controlled by hepcidin, a hormone that 

regulates absorption of iron from the gut and release of iron stores (Steinbicker and 

Muckenthaler, 2013). Thus, hepcidin controls how much iron is available as 

haemoglobin, which is the protein that carries oxygen in red blood cells and is the 

indicator used to measure anaemia status. 

Low haemoglobin levels can be due to, amongst other things, (i) iron deficiency anaemia

(IDA), caused by nutritional deficiencies or blood loss, and (ii) anaemia of infection 

(AI), caused by immune stress. While low haemoglobin indicates low bioavailability of 

iron, whether this represents low iron stores also depend on the type of anaemia.  Iron 

deficiency anaemia is associated with low total iron stores (as identified through low 

haemoglobin and low ferritin). Anaemia of infection is associated with normal to high 

total iron stores (low haemoglobin and high ferritin), but in this case, iron is withheld 

from the blood, particularly when inflammation is high, to avoid utilisation of iron by the

infecting pathogens. Haemoglobin is one of the last indicators to drop in the case of iron 

deficiency, so low haemoglobin can either point to very low iron stores or the presence 

of an infection/high inflammation (Miller, 2016). 



In this paper we investigated the relationship between iron and markers of fecundity 

using prospective data on haemoglobin and progesterone levels from a unique natural 

fertility sample of Bolivian women. Our objectives are two-fold: (1) to investigate if 

haemoglobin levels co-vary with women's socio-ecology, focusing on the influence of 

seasons and variation in wealth and subsistence strategies, and (2) to investigate if variation 

in fecundity, specifically focusing on ovulation risk and luteal progesterone levels in a given 

menstrual cycle, is associated with haemoglobin levels. The occurrence of ovulation is a clear

binary signal of fecundity because it reflects either minimal investment in, or irrevocable 

suppression of, reproduction in that cycle. Luteal progesterone levels, predominantly driven 

by secretions from the corpus luteum, drive endometrial decidualisation and successful 

implantation. Whilst there is little available research on the optimum absolute or relative 

endogenous levels of progesterone required for successful implantation, ‘not enough’ is 

considered a barrier to successful pregnancy and is referred to in medicine by the ambiguous 

term “luteal phase deficiency (LPD)”, though this is a contested “disease” (Palomba, 

Santagni and La Sala, 2015). Our study sample overcomes many of the hurdles involved in 

human trade-off research because: (1) There was no modern contraceptive use and nearly all 

women were married or in unions, and (2) iron is a particularly important and limited 

resource in this population in which haemoglobin levels are normally high as an adaption to 

high altitude hypoxia (Beall et al., 1998; Beall, 2006; Gassmann et al., 2019). These 

conditions may allow us to observe trade-offs that are masked among individuals living in 

circumstances with lower iron requirements. 
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2. Methods 

(a) Study Population 

The data for these analyses were originally collected as part of Project REPA (Reproduction 

and Ecology in Provincía Aroma), a longitudinal observational study among indigenous 

Aymara agropastoralists living in the Bolivian altiplano (Vitzthum, Spielvogel and 

Thornburg, 2004). The data were collected from February through November 1996. These 

data were not collected to study the hypotheses tested here, therefore all data collectors and 

participants were blind to the present research questions. Women were from 30 separate rural

communities scattered across approximately 400km2, situated at an average of 3800m 

altitude, approximately half-way between La Paz and Oruro. Families in these communities 

were predominantly reliant on potatoes, barley, sheep, and/or dairy cattle. The only formal 

medical care available was a small clinic in the local town of Patacamaya, but this is a 

substantial distance from most women’s homes. Inclusion criteria for Project REPA included 

falling within 20–40 years of age, currently in a stable heterosexual union, and not using 

contraception.

(b) Ethics

All study protocols, including consent procedures, were approved by the Consejo Scientifico,

Instituto Boliviano de Biologia de Altura, La Paz, and the Institutional Review Board, 

University of California, Riverside. All study participants were asked for verbal informed 

consent, which was obtained in accordance with the cultural norms of the study population. 

Giving, or declining to give, consent was recorded in confidential field records.

(c) Analytical sample

The unit of analysis was a menstrual cycle and cycles for which there were either hormone or

anthropometric data were initially considered for analysis. This initial dataset comprised 817 
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menstrual cycles from 140 participants. As our focus was to investigate haemoglobin and 

fecundity, all cycles that were coded as pregnant or that did not have corresponding data for 

haemoglobin, ovulation, or progesterone were excluded from the analyses. Cycles with either

a confirmed or possible early pregnancy loss (a positive hCG test followed by bleeding and a 

negative hCG test) were also excluded. Four cycles contained two measures of haemoglobin. 

For these cycles, the measurement taken latest in the cycle was retained in the dataset, as 

these cycles were often long and the latest measure was considered most likely to fall nearer 

to the putative ovulation date. 

To date, there is little evidence about how haemoglobin changes across the menstrual cycle. 

Miller’s (2016) review on the ecology of iron in women cites evidence that, in the short term,

haemoglobin may decrease with increased progesterone (due to increased fluid retention), but

also may increase with increased oestrogen due to oestrogen’s blocking effect on hepcidin. 

However, we found little evidence for variation in haemoglobin within a cycle in our sample, 

and thus did not adjust for cycle day of the haemoglobin measurement. The final analytical 

sample consisted of 152 cycles from 96 participants (48 women contributed 1 cycle, 40 

women contributed 2 cycles and 8 women contributed 3 cycles). The flowchart below 

displays this process of sample creation. 

Figure 1: Sample creation flowchart
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(d) Treatment of missing values

Overall, around 3% of the data was missing, mostly for the economic strategy score. 

Imputation using random forest multiple imputation was conducted (see https://rdrr.io/github/

mayer79/missRanger/f/vignettes/missRanger.Rmd). This method creates 5 datasets of 

complete data for which estimates can be pooled to give a more reliable outcome. To provide 

the most information for making imputation predictions, imputation of missing data was 

calculated using a larger dataset (e.g., participants’ weight, height, age at first birth) in 

addition to those variables that directly address our study questions.

(e) Causal inference

Whilst causal inference is very difficult in observational studies, recently scholars have 

argued that there is merit in acknowledging our intention to investigate causality, making our 

assumptions and limitations clear, and not shying away from the causal goal of research

(Hernán, 2018). A useful tool increasingly being used for this purpose is the DAG (Directed 

Acyclic Graph) (Tennant et al., 2021), which sets out all hypothesised causal relationships 

and helps to think through which factors may be potential confounders and which adjusting 

for may help reduce bias in our analyses (Rohrer, 2018). Figure 2 is the DAG created for 

investigating our two questions: Q1) Are haemoglobin levels modulated by environmental 
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factors such as season and economic strategy? and Q2) Are measures of fecundity, such as 

ovulation and progesterone level, modulated by haemoglobin? All variables used in our 

analyses are included as well as key latent unmeasured variables (e.g., infection and diet)

(Tennant et al., 2021). Each arrow represents a hypothesised directional causal relationship 

and is based on relevant published literature. Using this DAG, we can identify that, to remove

any confounding ‘back doors’, we must minimally adjust for age for our first question, and 

age, body fat, breastfeeding, diet, and infection for our second question. As diet and infection 

were not measured in our dataset, we were unable to adjust for these and must consider the 

risk of residual confounding of our estimates by these factors. 
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Figure 2: Directed Acyclic Graph (DAG) showing hypothesised causal relationships. For 

Q1, season and economic strategy are highlighted as the exposures (orange) and 

haemoglobin is highlighted as the outcome (green). For Q2, haemoglobin is highlighted as 
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the exposure (green) and ovulation and progesterone highlighted as the outcomes (blue).
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(f) Variables

Haemoglobin (g/dl) was measured using a HemoCue (Quest Diagnostics), a portable, 

battery-operated point-of-care testing device that requires only a single blood drop from a 

finger prick. This procedure was concurrent with the collection of anthropometrics, typically 

done once per cycle in each woman’s home at a day and time arranged with her. Due to the 

presence of four low haemoglobin outliers, this variable was capped at the 5th (11.8g/dl) and 

95th (17.5g/dl) centile in order to meet the assumption of a normal distribution in our outcome

variable in our multilevel linear models (Prabhakaran, 2016). This allowed us to maintain 

potentially important observations close to their actual values and model them without losing 

quality in our models. 
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Ovulation is a binary variable (each cycle coded as ovulatory or anovulatory). Without 

ovulation there is no possibility of further reproductive investment during that cycle. 

Ovulation was ascribed to a given cycle using a previously published algorithm that is based 

on mean peak luteal progesterone concentration during the mid-luteal phase (Vitzthum, 

Spielvogel and Thornburg, 2004; Vitzthum, 2021).

Mean peak luteal progesterone (P4) concentration (pmol/l) Women were visited every 

other day across the study period to record menstrual status and collect a 5 ml saliva sample, 

later assayed for progesterone. Mean peak luteal P4 is defined as the mean daily 

concentration during the span of days +/- 2.5 days from the day of observed peak luteal 

progesterone (i.e., (area under the curve of P4 from x to y)/(y-x) where x to y is any span of 

days and P4 at any time is defined by linear interpolation of the observed hormone data)

(Vitzthum, 2021). This calculation is typically a more accurate estimate of the highest 

concentration of luteal progesterone than methods that assume progesterone peaks on a pre-

specified cycle day (e.g., 7 days before menstrual bleeding begins). Such an assumption may 

miss the true peak and underestimate mean peak concentrations due to the considerable inter-

cycle variation in the timing of the luteal progesterone peak. As our progesterone variable 

was positively skewed, the log of progesterone concentration was used in our regression 

models to avoid violating model assumptions. Only progesterone concentrations in ovulatory 

cycles were included in our analyses of progesterone levels (anovulatory cycles lack the 

corpus luteum that produces progesterone; inclusion of anovulatory cycles biases analyses). 

Season was represented by a binary variable of arduous and better seasons across the year. 

For many women in this population, there are large seasonal differences in food availability, 

workload, and pathogen exposure. Numbering the days of the year from 1 to 366 (1996 was a

leap year), the most arduous seasons consist of harvesting (late rain, early harvest days 1-91) 
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and planting (late-winter/early-spring, before the summer rains begin, days 245–282) periods,

which are more physically demanding than better periods in winter (late harvest, days 92-

136, and after harvest before planting begins, days 137–244) and summer (the rainy season 

when crops are growing, days 283–366). In arduous periods, food availability is relatively 

lower, labour demands are higher, and pathogen exposure increases. These seasonal timings 

are based on weather data and direct observation during the year of data collection (Vitzthum,

Thornburg and Spielvogel, 2009). The distinction between arduous and better seasons is 

relative; even during better seasons, life is demanding in these altiplano communities. 

Arduous seasons account for a shorter proportion of the year at 129 days total, and better 

seasons account for 237 days total. 

Traditional economic score is a measure of each household’s subsistence strategy based on 

principal component analysis of several ethnographically salient socioeconomic variables

(Bindon and Vitzthum, 2002). This factor loads heavily on the husband’s frequency of 

salaried labour (negatively) and on the frequency of agricultural sales by the husband 

(positively). This factor represents the widespread Andean economic strategy of obtaining 

income through agricultural sales. Higher household scores reflect sufficient excess 

agricultural production and sales in the household rather than having to rely on wage labour 

for income. 

Age in years was included to account for proximity to menopause or menarche. 

Body fat score is a factor score from a factor analysis on all anthropometric body 

measurements taken in a given cycle. The factor loaded heavily on all weight, skinfold, and 

circumference measures, but not height, and explained 58% of the variation in all 

anthropometrics. This allowed us to capture energetic reserves available to women at the time

of haemoglobin measurement. 
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Breastfeeding status is a binary variable, included to account for the suppressive effects of 

breastfeeding on ovulation and progesterone. All women in our sample were menstruating, so

those who were breastfeeding were not experiencing lactational amenorrhea. 

(g) Statistical analysis

Descriptive analysis presents variation in variables of interest across better seasons and more 

arduous seasons. To investigate the relationships between socioecological factors, 

haemoglobin, ovulation, and mean peak luteal progesterone, analyses were conducted using 

multilevel regression models with random intercepts by ID to account for the non-

independence of multiple cycles sampled from the same individual  (n=48 with one cycle, 

n=48 with multiple cycles) in this dataset. This was carried out using the glmmTMB package 

(see http://cran.nexr.com/web/packages/glmmTMB/glmmTMB.pdf) in R. All continuous 

independent or adjustment variables were centred on the mean and scaled by dividing by the 

standard deviation before use in models to obtain comparable effect estimates. Residuals for 

each model were checked using the DHARMa residual diagnostics package for hierarchical 

models (https://cran.r-project.org/web/packages/DHARMa/vignettes/DHARMa.html). 

Models were run (i) for all cycles and (ii) separately for cycles taken in more arduous and 

better seasons to examine whether the relationships between our variables of interest may be 

obscured by heterogeneity in seasonal conditions. 
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3. Results

(a) Descriptive results

The median haemoglobin value was 15.6g/dl with a range from 9.3g/dl to 20.1g/dl. Median 

haemoglobin was 15.15g/dl in arduous seasons and 15.70g/dl in better seasons (Table 1). 

When adjusting for altitude (Sullivan et al., 2008), over 25% of the sample were classified as 

anaemic (15% with mild anaemia, 9% with moderate anaemia, and 3% with severe anaemia) 

(Figure 3). In our sample, 71% of cycles in arduous seasons and 78% of cycles in better 

seasons were ovulatory, and there was a wide range of mean peak luteal progesterone 

concentration, with a median of 137 pmol/l and an interquartile range of 102-211 pmol/l in 

arduous seasons and a median of 182 pmol/l and an interquartile range of 130-260 pmol/l  in 

better seasons. 

Figure 3: Distribution of haemoglobin values across seasons and anaemia status. The 
anaemia cut off here is 14.7g/dl in keeping with the WHO recommendations to raise the 
anaemia threshold based on residence above sea level.

(b) Are haemoglobin levels modulated by the socio-ecology?

To investigate the relationship between socio-ecology and haemoglobin levels we used a 

linear mixed effect model to account for repeated cycles within women. We found that on 

average haemoglobin levels were lower in the arduous seasons than in the better seasons 
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(unadjusted β [95 CI] = 0.76 [0.24,1.28], p=0.005) with a predicted average of 14.85g/dl in 

the arduous seasons compared to 15.61g/dl in the better seasons. Evidence for this association

remained when adjusting for age (adjusted β [95 CI] = 0.74 [0.22,1.27], p=0.005). Further, 

we found that a higher traditional economic score was associated with reduced levels of 

haemoglobin in the more arduous seasons, both independently and after adjusting for age 

(p=0.032) (Table 2, Figure 4) suggesting that women living in households more reliant on 

agropastoralism had lower levels of haemoglobin in the more arduous seasons. We found no 

relationship between traditional economic score and haemoglobin in the better seasons.
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Figure 4: Predicted values for the age-adjusted relationship between traditional economic score 

and haemoglobin levels (g/dl) across seasons. Around half of the cycles are the only cycle for that 

woman and half of the women have multiple cycles. Shaded areas show 95% CIs.    

(c) Is fecundity modulated by haemoglobin levels?

Ovulation. To investigate the relationship between haemoglobin levels and the risk of 

ovulation, we used a mixed effect logistic regression model. We found evidence that a 1 

standard deviation increase in haemoglobin levels was associated with 2.59 times the odds of 

ovulating in a given cycle during the more arduous seasons, both independently (OR = 2.59; 

95 CI [1.03, 6.54], p =0.043) and when adjusting for age, body fat and breastfeeding status 

(OR = 3.27; 95 CI [1.10, 9.77], p =0.033). We found no relationship between ovulation and 

haemoglobin levels when including all cycles or cycles occurring during the better seasons 

(Table 3, Figure 5). 
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Figure 5: Predicted probabilities of ovulation across haemoglobin levels (z standardised) for 

cycles during the better and more arduous seasons and adjusted for age and breastfeeding status. 

Shaded areas show 95% CIs.

Mean peak luteal progesterone. To investigate the relationship between haemoglobin and 

mean peak luteal progesterone, we used a mixed effects linear model. Mean peak luteal 

progesterone was not associated with haemoglobin in ovulatory cycles (Table 4). When 

adjusting for age, body fat, and breastfeeding status, there was a marginal weak positive 

relationship between progesterone and haemoglobin in the better seasons with an effect size 

of 0.08 (p=0.054), but otherwise there was little evidence to suggest any relationship between

haemoglobin and reproductive investment acting through progesterone levels. 
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4. Discussion 

This study aimed to investigate the associations between iron status, as measured by 

haemoglobin levels, and the underlying physiological mechanisms governing fecundity in a 

high fertility population from the Bolivian Altiplano. We found (1) that haemoglobin levels 

were lower in arduous compared to better seasons, (2) that in arduous seasons, women in 

households with higher reliance on agropastoral subsistence strategies had lower 

haemoglobin levels than women in households more reliant on income from salaried labour, 

(3) that menstrual cycles with lower haemoglobin levels were more likely to be anovulatory 

during arduous seasons, independently of body fat and (4) that among ovulatory cycles, 

haemoglobin levels were not associated with mean peak luteal progesterone. The results have

implications for comprehending how iron influences the regulation of natural fluctuations in 

reproductive capabilities, and they also offer insights for strategies aimed at decreasing 

anaemia through the provision of iron supplements. 

In this community, women’s levels of haemoglobin are modulated by the socio-ecology, 

namely season and their mode of subsistence. Overall, our observations indicate that 

haemoglobin levels are reduced during the more challenging seasons, and this association is 

particularly pronounced among women residing in households that depend on agropastoral 

methods of subsistence. This connection could be influenced by several mechanisms 

including diminished iron reserves (iron-deficiency anaemia) and/or anaemia caused by 

inflammation. Indeed, women more reliant on agropastoralism are more impacted by 

seasonal shifts in activity level, diet, and exposure to infections than those less reliant on this 

traditional economic strategy. More arduous seasons are characterized by high physical 

workloads mostly done with hand tools and long distances to travel to the fields to work 

during the planting and harvesting seasons. There is also reduced food availability and 
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reduced availability of funds to purchase food elsewhere during these periods. Most of the 

time, meat is consumed only rarely and in small portions as part of a soup comprising 

potatoes, rice, a few vegetables, and occasionally quinoa. Dietary intake of iron is very low, 

particularly in the arduous seasons, and thus, the low haemoglobin levels observed may 

indeed represent depleted iron stores (Berti, Fallu and Agudo, 2014), independently of energy

intake. Exposure to infections is also increased during arduous seasons as relatively isolated 

homesteads come together for planting and harvesting with increased transmission of any 

pre-existing infections, weakened immune systems due to taxing workloads, and heighted 

exposure to infections in the environment, such as waterborne parasites. Infections women 

may be exposed to during these periods include tuberculosis and human fascioliasis, both of 

which can vary seasonally with weather conditions in their risk of infection (World Health 

Organization, 1996; Parkinson, O’Neill and Dalton, 2007; Fares, 2011; Caravedo and 

Cabada, 2020). Inflammation caused by a response to such immune threats can lead to 

reduced gut iron absorption and reduced release of iron stores, via the hormone hepcidin

(Chaparro and Suchdev, 2019), and subsequently lower haemoglobin levels. This response 

can be adaptive as it reduces an infection’s ability to thrive. For instance, in a study of 

Malawian children, lower iron levels were found to protect against severe anaemia (which is 

a characteristic sign of the progression to a more serious infection) (Calis et al., 2008). 

However, the necessary data to determine the specific type(s) of anaemia involved in this 

study are unavailable.

Ovulation is modulated by haemoglobin levels in the more arduous seasons, suggesting that 

iron likely has an important role in the mechanisms underlying fecundity. This could stem 

from an evolved capability of organisms to strategically allocate resources toward present or 

future reproduction based on the prevailing local socio-ecological conditions. On the one 

hand, if low haemoglobin levels reflect low iron stores, our finding may suggest that women 
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forego reproduction to avoid negative pregnancy outcomes (Scholl, 2005) until iron stores are

repleted, such as in better seasons, when haemoglobin levels are improved for women relying

on agropastoralism. This explanation accounts for the fact that we only observe a relationship

between haemoglobin and ovulation in the more arduous seasons. Seasons change predictably

and if haemoglobin levels do not improve in the better seasons, it may be unlikely that they 

will improve. Thus, there is reduced benefit to delaying reproduction during relatively better 

conditions. According to the Flexible Response Model of female reproductive function

(Vitzthum, 2001; Vitzthum and Spielvogel, 2003), natural selection favours organisms who 

are able to predict the best conditions they are likely to face in a given environment and, in 

such conditions, invest in reproduction rather than forego ovulation, even if said conditions 

are somewhat poor in absolute terms. 

On the other hand, if low haemoglobin levels reflect anaemia of inflammation, our finding 

may suggest that women temporarily forego reproduction to invest in immunity. Low 

haemoglobin levels may indicate reduced iron absorption and storage release driven by 

infection exposure and inflammation rather than low iron stores. Since higher haemoglobin 

levels can increase susceptibility to and progression of infections (Pasricha et al., 2018), 

haemoglobin levels likely play an important role in modulating the trade-off between 

reproduction and immunity. Pathogens need iron to survive and reproduce (Drakesmith and 

Prentice, 2012). For instance, iron is crucial to the life cycle of tuberculosis mycobacteria

(Tanner et al., 2017) and an increase in dietary iron has been associated with increased 

chance of having active pulmonary tuberculosis (Gangaidzo et al., 2001). During arduous 

seasons, when exposure to infections is high, the body may restrict how much bioavailable 

iron is circulating in the form of haemoglobin to mitigate infection, independently of iron 

stores, and may suppress ovulation to avoid conception during times of low bioavailable iron 

for pregnancy, showing an investment in immunity over reproductive function. Anovulation 
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and a reduced investment in reproduction may also be favoured during these conditions as 

high levels of post-ovulatory progesterone cause a reduction in inflammation, which can aid 

implantation, but also potentially leave women vulnerable to the proliferation of existing 

infections. These findings contribute to the growing body of research into the costs of 

mounting an effective immune response, which must be traded-off across other fitness 

functions (Harshman and Zera, 2007; McKean and Lazzaro, 2013; Lorenz, Worthman and 

Vitzthum, 2015).

If we are to elucidate which of these explanations drives our observed relationships, 

measures of iron storage and immune function are needed going forward. Determining 

what is driving low haemoglobin levels in individuals in our sample is crucial to 

understanding which trade-offs are occurring and the role haemoglobin has to play. Firstly, 

future studies investigating the role of iron in reproductive trade-offs should aim to measure 

an individual’s iron stores, through measuring serum ferritin or soluble transferrin receptor 

(sTfR), to see if an individual with low haemoglobin is also iron deficient. Whilst iron 

deficiency has historically been considered the main cause of anaemia, recent evidence 

suggests that in areas with a high prevalence of anaemia, rural areas, or areas with high 

inflammation exposure (Petry et al., 2016), other causes of anaemia, such as anaemia of 

infection, may have a greater role to play. Therefore, measuring markers of acute phase 

inflammation, such as C-reactive protein (CRP), and screening for presence of infections 

would help us pick apart the role of immune activity in determining haemoglobin levels. 

Finally, despite the focus on energetic status in much of human reproductive trade-off 

research (Ellison, 2017), our data suggests that haemoglobin modulates ovulation 

independently of energetic stores. Whilst it might be assumed that women with higher 

haemoglobin levels may also have improved access to higher quality diets and thus greater 

energetic availability, we find that when adjusting for body fat score, a proxy for energetic 
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status, an independent association between haemoglobin and ovulation remains in the more 

arduous seasons. The absence of a relationship between haemoglobin and body fat score in 

our dataset suggests independent drivers of each and the positive directions of the 

independent relationships between both body fat and haemoglobin with ovulation suggest 

both body fat and haemoglobin can be considered necessary, but not sufficient, for ovulation 

to occur. Our findings support recent evidence in the field of trade-off research that focusing 

on resources other than energy can yield important findings for understanding mechanisms 

underlying trade-offs (Flatt and Heyland, 2013; Vitzthum, 2020).

In ovulatory cycles, we find little evidence to suggest that haemoglobin is associated with 

variation in mean peak luteal progesterone levels. Firstly, this may be due to the index of 

progesterone we used (mean peak luteal progesterone), which reflects the absolute level of 

progesterone on and about the peak production of this hormone but does not reflect the 

magnitude of change from levels immediately after ovulation to the levels occurring at peak 

production. Recent research has suggested that change may actually be more biologically 

salient than level itself (Vitzthum, 2020). Secondly, we may fail to see a relationship due to 

sampling error as progesterone release is triggered in a pulsatile manner with wide variation 

in levels observed across the day depending on proximity to the pulsatile signal (Filicori, 

Butler and Crowley, 1984). Finally, it could be that haemoglobin is not very relevant to the 

modulation of progesterone levels and the subsequent decidualisation of the endometrium 

and/or that progesterone levels above a necessary minimum are not essential to successful 

continuation of pregnancy during the weeks before the shift from luteal to predominantly 

placental production of progesterone (Vitzthum, Spielvogel and Thornburg, 2004; Palomba, 

Santagni and La Sala, 2015)
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Our results have implications for reproductive healthcare, particularly as reducing anaemia 

among women of reproductive age and among pregnant women is considered a current global

health priority. Currently, it is recommended that iron supplements, typically in combination 

with folic acid, are given to general populations of women of reproductive age and pregnant 

women across the globe (World Health Organization, 2020). However, uncritical provision of

supplementation without considering the trade-offs individuals face from a life history 

perspective has the potential to cause harm (Reiches, 2019). For instance, prenatal protein-

energy supplementation has been shown to reduce subsequent birth intervals to the next child

(Lunn et al., 1984), with tightly spaced pregnancies taking a physical toll on women and, in 

some cases, returning the mother to a state of undernourishment. Given our findings, it is 

possible that iron supplementation of iron-deficient postpartum women, with the intention to 

raise iron stores and subsequent haemoglobin levels, could reduce the time to return of 

ovulation and shorten birth intervals with similar detrimental effects to protein-energy 

supplementation, particularly if the individual has been unable to replete other bodily 

reserves in time or is still breastfeeding. Additionally, if iron supplements are given in cases 

of non-iron deficiency anaemia, most commonly driven by infection (Petry et al., 2016), this 

risks either being, at best, largely ineffective as iron gut absorption is heavily limited by 

hepcidin in these cases or, at worst, putting women at a greater risk of illness if an infection is

able to utilise the extra iron to proliferate (Pasricha et al., 2018). Thus, it is crucial to 

contemplate iron supplementation only after evaluating a woman's broader immune and 

reproductive circumstances and determining the specific type of anaemia she is experiencing.

The main strength of our analysis lies in its ability to reveal human life history trade-offs that 

would otherwise not manifest or be statistically undetectable, through the specificities of lives

of Aymara women living in the Bolivian Altiplano. In many higher income populations, it 
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may be easy to conclude that ovulation is not a mechanism which is commonly affected 

through life history trade-offs and we know that trade-offs often manifest most in populations

experiencing harsh environmental conditions or at the extremes of distributions (Garland, 

Downs and Ives, 2022). For instance, in a study of German and Bolivian women’s menstrual 

cycles, German women had very few anovulatory cycles (92% ovulation rate) compared to 

Aymara Bolivian women (74% ovulation rate) (Vitzthum et al., 2021). Additionally, trade-

offs are sometimes obscured by heterogeneity across a population or across time in access to 

resources or conditions experienced (Bolund, 2020). Our ability to analyse cycles collected 

from different seasons of the year among women utilising different subsistence strategies 

allows us to investigate how trade-offs change over time and over conditions with the use of 

multilevel modelling to consider repeat measurements within the same women. These trade-

offs may never have been observed had this data been captured at one time point among 

women menstruating at that time, as is common among many cross-sectional studies and can 

lead to selection bias towards sub-fecund women.  

We were limited in our ability to fully understand what kind of trade-offs we are observing 

and the mechanisms which underpin them without access to markers of infection, immune 

function, and iron stores. However, to collect extra markers in a large sample would likely 

have represented a significant extra cost and toll on participants, and highlights how studying 

the mechanisms underpinning trade-offs in humans is ethically and practically difficult

(Bolund, 2020). Additionally, often highlighted as a difficulty with human observational 

studies, there are several potential selection biases which may have influenced our results. 

For instance, as we only included non-conceptive cycles, we have an overrepresentation of 

‘non-successful’ cycles and so we cannot make inferences about the relationship between 

haemoglobin and ovulation in cycles that lead to pregnancy. 

144



In conclusion, our results among Aymara women living in the Bolivian Altiplano support the 

hypothesis that fecundity is modulated based on iron status beyond energy intake. The 

potential for ovulation to be inhibited due to low haemoglobin is demonstrated, and this 

correlation exhibits adaptable variation in response to the existing socio-economic factors and

whether there is potential for seasonal improvement in conditions. Thus, we propose that iron

status may be modulating resource allocation trade-offs between current and future 

reproduction and/or between immunity and reproduction. We suggest measures needed to 

further explore these hypotheses and to determine which trade-off plays the largest role in 

driving the relationship between iron and fecundity and discuss implications of these 

relationships for designing interventions to reduce anaemia. Finally, it is hoped that these 

findings will prompt an interest in iron and other limited nutrients when studying 

reproductive trade-offs in mammals more widely, for whom iron is also a crucial limited 

resource during gestation. 
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