
Online appendix 2: Supplementary analyses 

This document lists results from all analyses of exposure vs. glycemic regulation ñ including primary, secondary and 

sensitivity analyses. 

Abbreviations 

On the tables on next pages, we use the following abbreviations: 

¶ AChE = red blood cell acetylcholine esterase 

¶ AChE/Hb = AChE normalized by hemoglobin concentration 

¶ Bootstrap = confidence intervals for estimates were derived using bootstrap procedure (see main text for 

details) 

¶ FE = fixed effect model (see main text for description of the statistical model) 

¶ Hb = hemoglobin 

¶ HbA1c = Glycosylated hemoglobin A 

¶ ME = classic mixed effect model (see main text for details) 

¶ RCM = random coefficient model (a type of mixed effect model; see main text for details) 

¶ RE = random effect (see main text for details) 
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Definitions of covariate sets 

Random coefficient model Fixed effect model  

Basic covariate set Extended covariate set Basic covariate set Full covariate set Comment 

Age (continuous) 

Sex (dichotomous) 

Alcohol consumption (grams of 

alcohol in the last week, continuous) 

MET-minutes per week of physical 

activity (continuous) 

Servings of fruit and vegetables 

consumed per week (continuous) 

Tobacco smoking (grams of tobacco 

per day in the last week, continuous) 

Basic set + 

BMI (continuous) 

Years of full-time education 

(proxy for socioeconomic 

status, continuous) 

ɲage 

ɲ(alcohol consumption) 

ɲόa9¢-minutes) 

ɲόŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ŦǊǳƛǘ ŀƴŘ ǾŜƎŜǘŀōƭŜǎύ 
ɲ(tobacco smoking) 

Minimal set + 

ɲ.aL 
Sex and education level (as proxy for 

socioeconomic status) is not included in 

the fixed effect model, as they are 

assumed constant. 

Consumption of alcohol and tobacco was modelled under the assumption of a linear exposure-response relationship, as the number of people reporting any use of tobacco 

or alcohol in the last week was relatively low. The remaining continuous variables were modelled using restricted cubic splines to allow non-linear dose-response relationships. 

The location of spline knots for each independent variable was determined automatically by Stata according to percentiles of the variable, as recommended by Harell1 and 

implemented in Stataís mkspline command. For four knots, the percentiles are 5, 35, 65 and 95. For three knots, they are 10, 50 and 90. For five knots, they are 5, 27.5, 50, 

72.5 and 95.1 
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Overview of statistical models in this appendix 

Mixed effect models (planned a priori) 

Model 

number 
Outcome metric 

Statistical 

model 

Assumptions 

regarding linearity 

Handling of 

interdependent 

data (family) 

Handling of multiple AChE 

and HbA1c measurement 

in same phase* 

Handling of 

HbA1c < 4% NGSP 
Classification Covariate set 

1 HbA1c (continuous) RCM 
Cubic splines, 4 

knots 
RE First measurement used Imputed 

Primary analysis Basic set 

Primary analysis Unadjusted 

Sensitivity analysis Extended set 

2 FPG (continuous) RCM 
Cubic splines, 4 

knots 
RE First measurement used N/A 

Secondary analysis Basic set 

Sensitivity analysis Extended set 

Sensitivity analysis Unadjusted 

3 HbA1c (continuous) RCM 
Cubic splines, 4 

knots 
RE First measurement used Excluded 

Sensitivity analysis Basic set 

4 HbA1c (continuous) RCM 
Cubic splines, 4 

knots 
RE 

If two measurements were 

made, the second one is 

used 

Imputed 

5 HbA1c (continuous) RCM 
Cubic splines, 4 

knots 
RE + bootstrap First measurement used Imputed 

6 

HbA1c dichotomized 

into normal (Җ38 

mmol/mol) vs. raised 

(җ 39 mmol/l)** 

ME 

(logistic) 

Cubic splines, 4 

knots 
RE First measurement used Imputed 

7 HbA1c (continuous) RCM 
Cubic splines, 3 

knots 
RE First measurement used Imputed 

8 HbA1c (continuous) RCM 
Cubic splines, 5 

knots 
RE First measurement used Imputed 

9 

[Model described in 

analysis protocol, 

but excluded as 

described below] 

N/A N/A N/A N/A N/A 

10 HbA1c (continuous) RCM 
Cubic splines, 4 

knots 
RE First measurement used Imputed Sensitivity analysis 

Extended set 

+ Hb 

11 

FPG (continuous) 

(excluding all 

observations where 

the AChE gave a 

warning that delays 

had happened 

during analysis, or 

temperature at FPG 

analysis > 27 °C) 

RCM 
Cubic splines, 4 

knots 
RE First measurement used N/A Sensitivity analysis Basic set 

Page 3 of 43

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Occup Environ Med

 doi: 10.1136/oemed-2020-106439–720.:713 77 2020;Occup Environ Med, et al. Hansen MRH



12 

HbA1c (continuous) 

(excluding all 

observations where 

the AChE gave a 

warning that delays 

had happened) 

RCM 
Cubic splines, 4 

knots 
RE First measurement used Imputed Sensitivity analysis Basic set 

 

Fixed effect models (planned a priori) 

Model 

number 

Description  Outcome metric Assumptions 

regarding 

linearity 

Handling of 

interdependent 

data (family) 

Handling of multiple AChE 

and HbA1c measurement 

in same phase* 

Handling of 

HbA1c < 4% NGSP 

Classification Covariate 

set 

13 Secondary model for 

primary outcome 

ɲHbA1c (continuous), 

phase 1+3 

Cubic splines, 4 

knots 

RE First measurement used Imputed Secondary analysis Basic set 

Secondary analysis Unadjusted 

Sensitivity analysis Extended set 

14 Sensitivity analysis ɲHbA1c (continuous), 

phase 1+2 

Cubic splines, 4 

knots 

RE First measurement used Imputed Sensitivity analysis Basic set 

15 Sensitivity analysis ɲHbA1c (continuous), 

phase 2+3 

Cubic splines, 4 

knots 

RE First measurement used Imputed Sensitivity analysis Basic set 

 

Mixed effect models (post hoc) 

Model 

number 
Description Outcome metric 

Statistical 

model 

Assumptions 

regarding 

linearity 

Handling of 

interdependent 

data (family) 

Handling of multiple 

AChE measurements 

in same phase* 

Handling of 

HbA1c < 4% NGSP 
Covariate set 

16 Sensitivity analysis 
HbA1c 

(continuous) 
RCM 

Cubic 

splines, 4 

knots 

RE 
First measurement 

used 
Imputed 

Basic set + project phase 

Extended set + project phase 

* Handling of multiple AChE measurements in same phase: Each participant had his/her AChE measured in each phase. In some cases, the primary investigator suspected 

that an error had occurred during analysis (e.g., due to very low or very high measured hemoglobin values), and a second measurement was therefore made. Both results 

were saved. The decision to re-do the AChE analysis or not may have been biased unintentionally. Therefore, in the primary analyses we always used the first measurement, 

as measurement errors are assumed to happen at random. In some sensitivity analyses, we instead used the result from the second measurement. 

** The cutoff 39 mmol/mol was chosen a priori, because HbA1c җ 39 mmol/mol is categorized as raised by the American Diabetes Association.2
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Changes from analysis protocol 

Before the analyses were carried out, an analysis protocol was published online.3 During analysis, a few modifications 

were made to the models. The changes are listed point-by-point below. 

¶  Due to the clear trend in AChE/Hb across study phases (see Table 2 in the main text), we decided to exclude 

project phase as a predictor in the random coefficient models. We deemed that because of the temporal trend 

in AChE/Hb, adjusting for phase would likely lead to bias towards the null hypothesis. As a sensitivity analysis, 

we re-included phase in model 16. 

¶ Our plan was to calculate confidence intervals in model 5 using a random coefficient model with random 

effects for family, and with bootstrapping. To allow each iteration of the regression to complete in finite time, 

we wanted to model all predictor under the assumption of linearity (i.e., we would not use splines). However, 

we discovered that the processing time for the bootstrapped RCM model was still unfeasibly long, so we 

decided to instead bootstrap a classical mixed effect model, i.e. ώ =  ‍ + ‍ × ὦ + ‍ , × ὧ + ‌ + † + ‐ 

Where y is outcome, ‍  is the intercept, ‍  is a fixed effect for exposure b, ‍ ,  is a fixed effect for the ith 

confounder ci, ʰ ƛǎ ŀ ǊŀƴŘƻƳ ǘŜǊƳ ŦƻǊ ŦŀƳƛƭȅΣ ˍ ƛǎ ŀ ǊŀƴŘƻƳ ǘŜǊƳ ŦƻǊ person, and ʶ is an error term. In this 

model, all participants have the same ‍  (contrary to the RCM). 

The classical mixed effect model ran much faster than the random coefficient model, meaning that 

bootstrapping became feasible. To make it easier to compare results across models, we decided to also use 

splines in the revised model 5. 

¶ For model 6, the original plan was to analyze the dichotomized HbA1c variable in a logistic random coefficient 

model, i.e. a model of the following structure: 

log έὨὨί Ὄὦὃ 39 άάέὰ άέὰ = ‍ + ‍ × ὦ + ‍ , × ὧ + ‌ + † + ‐ 

where all terms on the right-hand side of the equation have the same meaning as in model 1. I.e., each 

participant would have her/his own ‍ , and ‍  would be normally distributed. However, Stata could not fit 

this model within a reasonable amount of time. Hence, the model was changed so that all participants had the 

same ‍ . This latter model ran without issues. 

¶ Our analysis protocol included a model (model 9) where we wanted to re-calculate AChE/Hb after adjusting 

hemoglobin to take into account that the Test-mate ChE device might underestimate hemoglobin. However, 

extra quality control with different Test-Mate devices indicated that when hemoglobin is negatively biased, so 

is AChE, and by approximately the same fraction, meaning that AChE/Hb is relatively unaffected (results not 

shown). Hence, we decided that adjusting hemoglobin and recalculating AChE/Hb was more likely to bias our 

results that to correct any biases. This analysis was therefore not carried out. 
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Notes on figures and tables in this appendix 

Plots of outcomes vs. predictors modelled using splines show the effect estimates with 95% confidence intervals, 

relative to the predicted outcome at the median value of the predictor. The black points on the trend curves show the 

location of the knots for the restricted cubic splines (see page 2). For reference purposes, a histogram of the predictor 

is overlaid on each figure. 

Tables of results for predictors modeled using splines show effect estimates with 95% confidence intervals at the 

location of the spline knots (see page 2), relative to the median value of the predictor. For predictors modelled 

categorically or under the assumption of linearity, tables show regression coefficients. 

Please note that the covariate sets in adjusted analyses were selected based on Directed Acyclic Graphs with the 

purpose of obtaining an unbiased estimate of the effect of AChE/Hb on glycemic regulation. No attempt was made to 

select covariates to provide unbiased estimates of the effects of other predictors (such as age). Hence, regression 

results for other predictors could potentially be biased and are only listed to provide context for the main results 

(AChE/Hb vs. glycemic regulation). 

 

References for this appendix 
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!ƴŀƭȅǎƛǎ ǎǇŜŎƛŬŎŀǝƻƴ

aƻŘŜƭ лм
 hǳǘŎƻƳŜΥ Iō!мŎ

 ¦ƴŀŘƧǳǎǘŜŘ

bǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǝƻƴǎ ƛƴ ƳƻŘŜƭΥ мΣлтм

wŜƎǊŜǎǎƛƻƴ ǊŜǎǳƭǘǎ ŦƻǊ ǾŀǊƛŀōƭŜǎ ƳƻŘŜƭŜŘ ǳǎƛƴƎ ǎǇƭƛƴŜǎ

bǳƳŜǊƛŎŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǾŀǊƛŀōƭŜǎ ƳƻŘŜƭŜŘ ǳǎƛƴƎ ǎǇƭƛƴŜǎ όǎŜŜ ƎǊŀǇƘǎ ŦƻǊ ǳƴƛǘǎύ

!/Ƙ9κIō
±ŀƭǳŜ hǳǘŎƻƳŜ ŜǎǝƳŀǘŜ ώ/Lϐ
мфΦул πлΦтфу ώπнΦнпл Τ лΦспоϐ
нпΦон πлΦсст ώπмΦнпн Τ πлΦлфнϐ
нрΦул л ώǊŜŦΦϐ
нтΦмл лΦрту ώлΦлсм Τ мΦлфрϐ
онΦсл лΦорф ώπнΦмлр Τ нΦунпϐ
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!ƴŀƭȅǎƛǎ ǎǇŜŎƛŬŎŀǝƻƴ

aƻŘŜƭ лм
 hǳǘŎƻƳŜΥ Iō!мŎ

 /ƻǾŀǊƛŀǘŜ ŀŘƧǳǎǘƳŜƴǘΥ .ŀǎƛŎ

bǳƳōŜǊ ƻŦ ƻōǎŜǊǾŀǝƻƴǎ ƛƴ ƳƻŘŜƭΥ мΣлпп

wŜƎǊŜǎǎƛƻƴ ǊŜǎǳƭǘǎ ŦƻǊ ǾŀǊƛŀōƭŜǎ ƳƻŘŜƭŜŘ ǳǎƛƴƎ ǎǇƭƛƴŜǎ

 

 

bǳƳŜǊƛŎŀƭ ǊŜǎǳƭǘǎ ŦƻǊ ǾŀǊƛŀōƭŜǎ ƳƻŘŜƭŜŘ ǳǎƛƴƎ ǎǇƭƛƴŜǎ όǎŜŜ ƎǊŀǇƘǎ ŦƻǊ ǳƴƛǘǎύ

wŜƎǊŜǎǎƛƻƴ ǊŜǎǳƭǘǎ ŦƻǊ ŎŀǘŜƎƻǊƛŎŀƭ ŀƴŘ ƭƛƴŜŀǊ ǾŀǊƛŀōƭŜǎ

tŀǊŀƳŜǘŜǊ wŜƎǊŜǎǎƛƻƴ ŎƻŜŦΦ ώфр҈ /Lϐ
CŜƳŀƭŜ ǎŜȄ л όǊŜŦΦύ
aŀƭŜ ǎŜȄ πнΦфмс ώπпΦрмн Τ πмΦомфϐ
DǊŀƳǎ ƻŦ ŀƭŎƻƘƻƭ ƛƴ ǘƘŜ ƭŀǎǘ ǿŜŜƪ лΦллл ώπлΦллп Τ лΦллпϐ
DǊŀƳǎ ƻŦ ǘƻōŀŎŎƻ ǇŜǊ Řŀȅ ƛƴ ǘƘŜ ƭŀǎǘ ǿŜŜƪ πлΦсуо ώπмΦрор Τ лΦмсфϐ

!/Ƙ9κIō
±ŀƭǳŜ hǳǘŎƻƳŜ ŜǎǝƳŀǘŜ ώ/Lϐ
мфΦул πмΦмрф ώπнΦрсф Τ лΦнрлϐ
нпΦон πлΦтот ώπмΦолр Τ πлΦмсуϐ
нрΦул л ώǊŜŦΦϐ
нтΦмл лΦснт ώлΦммт Τ мΦмотϐ
онΦсл лΦрос ώπнΦлмт Τ оΦлуфϐ

!ƎŜ
±ŀƭǳŜ hǳǘŎƻƳŜ ŜǎǝƳŀǘŜ ώ/Lϐ
ноΦно πоΦлнм ώπрΦнфм Τ πлΦтрнϐ
пмΦну πлΦмлс ώπлΦфоп Τ лΦтннϐ
псΦуп л ώǊŜŦΦϐ
рнΦфф лΦмрт ώπлΦтрм Τ мΦлсрϐ
суΦст нΦфсл ώлΦфру Τ пΦфснϐ

/ƻƴǎǳƳǇǝƻƴ ƻŦ ŦǊǳƛǘ ŀƴŘ
ǾŜƎŜǘŀōƭŜǎ

±ŀƭǳŜ hǳǘŎƻƳŜ ŜǎǝƳŀǘŜ ώ/Lϐ
лΦмп πлΦупр ώπнΦосп Τ лΦстпϐ
мΦлл πлΦмфу ώπлΦпрп Τ лΦлрфϐ
мΦпо л ώǊŜŦΦϐ
нΦнф лΦнлп ώπлΦооо Τ лΦтпмϐ
сΦрм лΦуту ώπлΦоун Τ нΦмоуϐ

tƘȅǎƛŎŀƭ ŀŎǝǾƛǘȅ
±ŀƭǳŜ hǳǘŎƻƳŜ ŜǎǝƳŀǘŜ ώ/Lϐ
лΦтн мΦпфп ώπлΦлмс Τ оΦллпϐ
сΦфс лΦнмф ώπлΦмнн Τ лΦрслϐ

млΦлу л ώǊŜŦΦϐ
моΦсу лΦлмо ώπлΦрпт Τ лΦртоϐ
нфΦнп лΦссм ώπлΦсур Τ нΦллсϐ
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