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Summary
BackgroundHemoglobin A1c (HbA1c) is used for diabetes diagnosis and management. HbA1c also represents iron-
related erythrocyte properties which differ by sex. We investigated erythrocyte properties on HbA1c and glucose, and
whether corresponding consequences for mortality differed by sex.

Methods In this two-sample Mendelian randomization study using the largest publicly available European descent
summary statistics, we assessed sex-specific associations of iron (n=163,511) and hemoglobin (188,076 women/162,398
men) with HbA1c (185,022 women/159,160 men) and fasting glucose (73,089 women/67,506 men), of fasting glucose
with HbA1c and diabetes (cases=6,589 women/10,686 men, controls=187,137 women/155,780 men), and of fasting glu-
cose (n=140,595), HbA1c (n=146,806) and liability to diabetes (74,124 cases/824,006 controls) with parental attained
age (412,937 mothers/415,311 fathers).

Findings Iron and hemoglobin were inversely associated with HbA1c but not fasting glucose. Fasting glucose was
more strongly associated with HbA1c and diabetes in women (1.65 standard deviation (SD) per mmol/L [95% confi-
dence interval 1.58, 1.72]; odds ratio (OR) 7.36 per mmol/L [4.12, 10.98]) than men (0.89 [0.81, 0.98]; OR 2.79 [1.96,
4.98]). The inverse associations of HbA1c and liability to diabetes with lifespan were possibly stronger in men
(-1.80 years per percentage [-2.77, -0.42]; -0.93 years per logOR [-1.23, -0.59]) than women (-0.80 [-2.69, 0.66]; -0.44
[-0.62, -0.26]).

Interpretation HbA1c underestimates fasting glucose in men compared with women, possibly due to erythrocyte
properties. Whether HbA1c and liability to diabetes reduce lifespan more in men than women because diagnostic
and management criteria involving HbA1c mean that glycemia in men is under-treated compared to women needs
urgent investigation.
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Introduction
Hemoglobin A1c (HbA1c) is one of the criteria for diabe-
tes diagnosis and management, along with plasma glu-
cose.1 HbA1c reflects average blood glucose within the
past two to three months and is a key target for glycemic
control.2 HbA1c is not only determined by glycemia but
is also affected by the rate of hemoglobin glycation. The
hemoglobin glycation rate varies between individuals,3
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and depends on erythrocyte properties and its determi-
nants, such as iron.5

Previous studies have found that the association of
glycemia with HbA1c varies by ethnicity.6,7 However,
few studies have considered the possibility of differen-
ces by sex in the association of glucose with HbA1c,
although erythrocyte properties differ by sex. Hemoglo-
bin is higher in men than women,8 because iron levels
tend to be higher in men than women.9 Erythrocyte
properties affecting HbA1c might lead to HbA1c repre-
senting different levels of glycemia in men and women,
and thereby contribute to sex differences in the diagno-
sis, treatment and management of diabetes, and ulti-
mately its consequences.
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Research in context

Evidence before this study

Hemoglobin A1c (HbA1c) is widely used in the diagnosis
and management of diabetes. HbA1c is not only deter-
mined by glycemia, but is also affected by erythrocyte
properties which differ by sex. Erythrocyte properties
affecting HbA1c might lead to HbA1c representing dif-
ferent levels of glycemia in men and women, and
thereby contribute to sex differences in the diagnosis,
treatment and management of diabetes, and thereby
its consequence for mortality. Few studies have
assessed sex differences in the association of glucose
with HbA1c. Previous Mendelian randomization (MR)
studies have suggested type 2 diabetes reduces life-
span, but they did not consider sex-specific associa-
tions, and the associations of glucose and HbA1c with
mortality are less clear.

Added value of this study

This MR study suggests that HbA1c underestimates fast-
ing glucose in men compared with women, possibly
driven by higher iron in men. Using parental attained
age as a measure of mortality, we showed that fasting
glucose, HbA1c and liability to diabetes were associated
with shorter lives. The associations of HbA1c and liabil-
ity to diabetes with mortality are possibly stronger in
men than women.

Implications of all the available evidence

HbA1c, a currently accepted clinical measure of glyce-
mia, underestimates fasting glucose in men compared
with women. Diagnostic and management criteria
based on HbA1c may result in HbA1c and liability to dia-
betes reducing lifespan more in men than women.
These insights highlight the importance of using meas-
ures that reflect the same level of glycemia equitably in
different populations in the diagnosis, treatment and
management of diabetes.
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To assess sex-specifically the level of glycemia
reflected by HbA1c and their consequences for mortal-
ity, we used Mendelian randomization (MR) to obtain
less confounded estimates.10 Previous MR studies have
suggested type 2 diabetes reduces lifespan,11,12 whereas
HbA1c and glucose have little impact on mortality.12,13

However, these previous studies lacked power through
the use of dichotomous outcome,12 did not assess sex-
specific associations,12 or measured mortality from age
at death13 which excludes people remaining alive and
generates selection bias.14 To address these gaps, we
first investigated how a key driver, serum iron, and a
marker, hemoglobin, of erythrocyte properties affected
HbA1c and fasting glucose. Second, we examined sex-
specific associations of fasting glucose with HbA1c and
diabetes. Third, we assessed sex-specific associations of
fasting glucose, HbA1c and liability to diabetes with all-
cause mortality. To disentangle the effect of HbA1c
from erythrocyte properties, we also used multivariable
MR to assess the role of HbA1c independent of hemo-
globin as previously,15 as both the glycemic and erythro-
cytic properties of HbA1c contribute to its
consequences.16
Methods

Study design
To examine the different research questions as
described in the introduction, we conducted three MR
analyses, taking advantage of the largest relevant pub-
licly available genetic summary statistics in people of
European ancestry, overall and where possible by sex
(Figure 1). Data sources for genetic associations are
summarized in Supplemental Table S1. MR relies on
the instrumental variable assumptions of relevance,
independence and exclusion restriction, that is genetic
instruments should be strongly related to the exposure,
share no common cause with the outcome, and only
influence the outcome via affecting the exposure.10
Genetic predictors for serum iron and hemoglobin
We obtained sex-combined genetic associations for
serum iron (n=163,511) from a meta-analysis of genome-
wide association studies (GWAS) of clinically measured
serum iron from Iceland, and the INTERVAL study in
the UK.17 The INTERVAL study excluded samples with
sex mismatch, low call rates, duplication, extreme het-
erozygosity, and excluded people of non-European
descent.17 Estimates were adjusted for age, sex and addi-
tionally menopausal status, ABO blood group, body
mass index (BMI), smoking, alcohol use, and iron sup-
plementation status for the INTERVAL study.17 We
obtained sex-combined and sex-specific genetic associa-
tions with hemoglobin concentration from the UK Bio-
bank (188,076 women/162,398 men). The UK Biobank
recruited approximately 500,000 individuals (intended
age 40-69 years, 45.6% men, 94% self-reported Euro-
pean ancestry) from 2006 to 2010 across Great Brit-
ain.18 The GWAS was restricted to people of white
British ancestry to reduce confounding by population
stratification, and excluded participants with excess
relatedness or sex chromosome aneuploidy. Summary
quality controlled genetic associations for 13.7 million
variants were adjusted for age, age2, inferred sex, age £
inferred sex, age2 £ inferred sex, and the first 20 princi-
pal components (http://www.nealelab.is/uk-biobank/).
Genetic predictors for fasting glucose, HbA1c and
liability to diabetes
We obtained sex-combined and sex-specific genetic
associations with fasting glucose from the Meta-
www.thelancet.com Vol 84 October, 2022
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Figure 1. Flowchart of this two-sample Mendelian randomization (MR) study.
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Analyses of Glucose and Insulin-related traits Consor-
tium (MAGIC) in people of European descent without
diabetes (73,089 women/67,506 men).19 Summary
genetic associations were adjusted for age, study site
and principal components.19

We obtained sex-combined genetic associations with
HbA1c from MAGIC, including 281,416 individuals
without diabetes (70% Europeans).20 We used genetic
summary statistics for people of European ancestry
(n=146,806), adjusted for study-specific covariates and
principal components.20 We obtained sex-specific
genetic associations with HbA1c from the UK Biobank
(185,022 women/159,160 men), adjusted for age, age2

and 20 principal components (http://www.nealelab.is/
uk-biobank/).

We obtained sex-combined genetic associations with
liability to diabetes from a meta-analysis of GWAS spe-
cific to European ancestry (74,124 type 2 diabetes cases
and 824,006 controls) in the DIAbetes Meta-ANalysis
of Trans-Ethnic association studies (DIAMANTE) con-
sortium.21 Summary genetic associations were adjusted
for study-specific covariates and principal compo-
nents.21 We obtained sex-specific genetic associations
with diagnosed diabetes from the UK Biobank
(cases=6,589 women/10,686 men, controls=187,137
women/155,780 men), adjusted for age, age2 and 20
principal components (http://www.nealelab.is/uk-bio
bank/). Genetic associations for all-or-none traits
obtained using linear regression were transformed
into log odds ratio (OR) using an established
approximation.22

We extracted independent (r2<0.01) genome wide
significant (P value <5£10�8) genetic instruments for
serum iron, hemoglobin, fasting glucose, HbA1c and
liability to diabetes from each GWAS, overall and where
possible, by sex. Where effect allele frequency was not
www.thelancet.com Vol 84 October, 2022
given and strand direction was uncertain, we excluded
palindromic SNPs before removing correlated SNPs.
Genetic associations with all-cause mortality
We used parental attained age (current age or age at
death) from the UK Biobank as a measure of all-cause
mortality, because the UK Biobank participants were
relatively young at recruitment (»57 years), which
reduces selection bias from selection of survivors and
has greater power as parental current age or age at death
than participant’s mortality status. Genetic associations
with fathers’ attained age (n=415,311) and mothers’
attained age (n=412,937) were from a GWAS of Euro-
pean descent UK Biobank participants, adjusted for age,
sex, array type and assessment center.23 Estimates are
presented in terms of life years longer (positive) or
shorter (negative), as previously.24
Statistical analysis
We used the F-statistic to assess instrument strength,
obtained from the mean of the square of each SNP-
exposure association divided by the square of its stan-
dard error.25 An F-statistic larger than 10 suggests weak
instrument bias is unlikely.

We aligned the genetic variants based on alleles and/
or allele frequency and excluded palindromic SNPs with
intermediate effect allele frequency (i.e., 0.42-0.58)
when the strand direction was uncertain. We used proxy
SNPs (r2�0.8), where possible, when SNPs were not in
the outcome GWAS.

We obtained MR estimates from genetic variant spe-
cific Wald estimates (genetic association with outcome
divided by genetic association with exposure). To assess
the validity of MR analyses, we used methods based on
3
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different assumptions, i.e., inverse variance weighted
(IVW) with multiplicative random effects,26 the
weighted median,27 MR Egger28 and the contamination
mixture method.29 IVW assumes all genetic variants
are valid or pleiotropy is balanced,26 which is not always
plausible. The weighted median is valid when more
than half of the information comes from valid SNPs.27

MR Egger is an extension of IVW, assuming no conse-
quence of the instruments confounds exposure on the
outcome.28 We used the MR Egger intercept to assess
whether the IVW estimate might be affected by violation
of the exclusion-restriction assumption.28 The contami-
nation mixture method is robust to outliers and hori-
zontal pleiotropy, with well-controlled type 1 error
rates.29,30 As such, we used the contamination mixture
method as the main analysis.

We used multivariable IVW and multivariable Lasso
to assess the association of genetically predicted HbA1c
with mortality adjusted for hemoglobin. We combined
genetic variants for HbA1c and hemoglobin and
removed duplicated or correlated (r2�0.01) SNPs. We
extracted the associations of the remaining SNPs with
HbA1c, hemoglobin and parental attained age, aligned
the SNPs based on alleles and/or allele frequency, and
fitted one multivariable model. Given that multivariable
IVW estimates could be biased when the exclusion-
restriction assumption is violated, we used multivari-
able Lasso as the main analysis. Multivariable Lasso
identifies valid genetic variants and fits a standard mul-
tivariable IVW model using only the valid instruments,
which is robust to pleiotropy.31 We used the conditional
F-statistic FTS to examine the instrument strength for
each exposure conditional on the other exposure, and
the Q-statistic to assess pleiotropy.32

We checked for the associations of all genetic var-
iants with possible confounders (e.g., socioeconomic
position, alcohol drinking, smoking and physical activ-
ity) (P value <5£10�8) using PhenoScanner (http://
www.phenoscanner.medschl.cam.ac.uk/), a compre-
hensive curated database of publicly available results
from large-scale GWAS. We also checked whether
genetic variants were located on ABO, a well-known
pleiotropic gene.33 To address potential pleiotropy, we
excluded these genetic variants in the main analysis and
included them in sensitivity analysis.

Sex differences in the estimates were assessed using a
two-sided z-test.34 A statistical significance level of 0.05
was used. As the confidence interval (CI) of contamination
mixture estimate is not constrained to be symmetric,29 its
standard error was estimated as the 95% CI divided by
(1.96*2). All statistical analyses were conducted using
R version 4.1.1 and the packages “TwoSampleMR” for har-
monizing data, “MendelianRandomization” for univari-
able and multivariable MR, “MVMR” for conditional F-
statistics and Q-statistics, and “ieugwasr” for removing cor-
related SNPs. Results were visualized using the package
“forestplot”.
Ethics
All analyses were based on publicly available summary
statistics, which does not require ethical approval.
Role of funders
This study received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.
Results

Genetic instruments
We extracted 50 independent (r2<0.01) genome wide
significant (P value <5£10�8) genetic instruments for
serum iron, 470 (overall), 186 (men) and 220 (women)
for hemoglobin, 51 (overall), 18 (men) and 24 (women)
for fasting glucose, 98 for HbA1c, and 269 for liability
to diabetes. We identified 39 genetic variants associated
with possible confounders (P value <5£10�8) or located
on ABO gene (Supplemental Table S2). We excluded
these SNPs in the main analysis, and included them in
sensitivity analysis.
Sex-specific associations of serum iron and hemoglobin
with HbA1c and fasting glucose
Genetically predicted serum iron and hemoglobin were
inversely associated with HbA1c, but were not associ-
ated with fasting glucose (Figure 2), suggesting erythro-
cyte properties affect HbA1c independent of glucose.
These associations were similar in men and women
(Figure 2), and were robust to other analytic methods
and the inclusion of potentially pleiotropic SNPs (Sup-
plemental Table S3, S6).
Sex-specific associations of fasting glucose with HbA1c
and diabetes
Genetically predicted fasting glucose was more strongly
associated with HbA1c and risk of diabetes in women
(1.65 standard deviation (SD) per mmol/L [95% confi-
dence interval (CI) 1.58 to 1.72; P value<0.001]; odds
ratio (OR) 7.36 per mmol/L [95% CI 4.12 to 10.98;
P value 0.003]) than men (0.89 SD per mmol/L [95%
CI 0.81 to 0.98; P value<0.001]; OR 2.79 per mmol/L
[95% CI 1.96 to 4.98; P value<0.001]) (Figure 3, P value
for sex difference <0.001 for HbA1c and 0.005 for dia-
betes), suggesting HbA1c might underestimate glyce-
mia in men compared with women. Findings were
similar when using other analytic methods and includ-
ing potentially pleiotropic SNPs, despite wider confi-
dence intervals (Supplemental Table S4, S7).
Sex-specific associations of fasting glucose, HbA1c and
liability to diabetes with life years
Genetically predicted fasting glucose was inversely asso-
ciated with life years for women (-0.71 years per mmol/
www.thelancet.com Vol 84 October, 2022
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Figure 2.Mendelian randomization estimates for sex-specific associations of genetically predicted (a) serum iron (n=163,511; Bell S, et al.) and (b) hemoglobin (188,076 women/162,398 men;
UK Biobank) with HbA1c (185,022 women/159,160 men; UK Biobank) and fasting glucose (73,089 women/67,506 men; MAGIC).

a. The contamination mixture method was used.
b. Estimates are expressed in standard deviation for serum iron, hemoglobin and HbA1c, and in mmol/L for fasting glucose.
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Figure 3. Mendelian randomization estimates for sex-specific associations of genetically predicted fasting glucose
(73,089 women/67,506 men; MAGIC) with (a) HbA1c (185,022 women/159,160 men; UK Biobank) and (b) diabetes
(cases=6,589 women/10,686 men, controls=187,137 women/155,780 men; UK Biobank).

a. The contamination mixture method was used.
b. Estimates are expressed in mmol/L for fasting glucose, in standard deviation for HbA1c, and in odds ratio for risk of diabetes.
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L [95% CI -1.24 to -0.18; P value 0.009]), and possibly
men (-0.47 years per mmol/L [95% CI -1.00 to 0.04; P
value 0.074]). The associations did not differ by sex
(Figure 4, P value for sex difference 0.53), with a pooled
estimate of -0.59 life years per mmol/L [95% CI -0.96
to -0.22; P value 0.002].

In univariable MR, genetically predicted HbA1c was
inversely associated with life years for men (-1.80 years
per percentage [95% CI -2.77 to -0.42, P value 0.025])
but not women (-0.80 years per percentage [95% CI
-2.69 to 0.66; P value 0.341]). After adjusting for hemo-
globin, the direct effect of HbA1c was similarly associ-
ated with fewer life years for men and women
(Figure 4), which confirmed the role of glucose in life
years. The conditional F-statistics were 16.4 and 38.4 for
HbA1c and hemoglobin, respectively. The Q-statistics
suggested possible pleiotropy (P value <0.05), substan-
tiating the use of multivariable Lasso.

Genetic liability to diabetes was more strongly associ-
ated with fewer life years for men (-0.93 years per logOR
[95% CI -1.23 to -0.59; P value <0.001]) than women
(-0.44 years per logOR [95% CI -0.62 to -0.26; P value
<0.001]) (Figure 4, P value for sex difference 0.01).
These associations were robust to sensitivity analyses
using other analytic methods and including potentially
pleiotropic SNPs, but had wider confidence intervals
(Supplemental Tables S5, S8).
Discussion
Our MR study confirmed previous studies suggesting
erythrocyte properties affect HbA1c independent of
glucose.4,5 We added by showing that HbA1c underesti-
mates fasting glucose in men compared with women,
possibly driven by higher iron in men.9 Using parental
attained age as a measure of mortality, which reduces
selection bias and increases statistical power, we showed
that fasting glucose and HbA1c were associated with
shorter lives, in contrast to previous MR studies.12,13

Moreover, HbA1c and liability to diabetes were possibly
more strongly associated with mortality in men than
women.

Iron and hemoglobin were inversely associated with
HbA1c, but were not associated with fasting glucose.
www.thelancet.com Vol 84 October, 2022



Figure 4. Mendelian randomization estimates for sex-specific associations of genetically predicted (a) fasting glucose (n=140,595;
MAGIC), (b) HbA1c (n=146,806; MAGIC) and (c) liability to diabetes (74,124 cases/824,006 controls; DIAMANTE) with life years
(412,937 women/415,311 men; Pilling LC, et al.).

a. The contamination mixture method was used in univariable Mendelian randomization; multivariable Lasso was used to assess
the direct effect of HbA1c adjusted for hemoglobin.

b. Estimates are expressed in mmol/L for fasting glucose, in percentage for HbA1c, in log odds ratio for liability to diabetes, and
in life years. Life years gained were estimated by multiplying the Martingale residuals by -2.2869*10/-2.5863*10 in fathers/mothers.24
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Consistently, iron deficiency anemia spuriously
increases HbA1c at the same level of glucose.5 Iron alter-
ing erythrocyte properties and thereby HbA1c moder-
ates the association of glucose with HbA1c. At the same
level of glucose, HbA1c levels are higher in groups with
lower iron, and lower in groups with higher iron, which
means that HbA1c reflects different levels of glycemia
in different groups.

We found stronger associations of fasting glucose
with HbA1c and diagnosed diabetes in women than
men, suggesting HbA1c represents a higher level of gly-
cemia in men than women. Our findings are consistent
with previous studies showing men have a lower hemo-
globin glycation index (HGI) than women, which indi-
cates lower HbA1c than that predicted by glucose.35,36

This difference could be due to higher iron levels in
men,9 and thereby lower HbA1c than women for a given
level of glycemia. HbA1c underestimating fasting glu-
cose in men might lead to underdiagnosis and under-
treatment of diabetes in men compared with women,
because men diagnosed with diabetes based on HbA1c
have a substantially higher level of glycemia, and
thereby could be more vulnerable to complications than
women. Consistently, men with type 2 diabetes are
more likely to have solitary high fasting glucose (fasting
glucose �140 mg/dL and HbA1c <7%),37 and microvas-
cular complications38 than women.

Fasting glucose was similarly associated with fewer
life years in men and women, which is inconsistent
with previous MR studies suggesting little impact of
glucose on mortality.12,13 However, these previous stud-
ies had a smaller sample size,12 or assessed mortality
from age at death,13 which excludes people remaining
alive and generates selection bias.14 HbA1c was
inversely associated with life years in men but not
women, possibly due to different effects of glycemia by
sex, or HbA1c representing different levels of glycemia
by sex. After adjusting for hemoglobin, a marker of
erythrocyte properties, the direct effect of HbA1c
reduced life years similarly in men and women, sug-
gesting that glucose has similar effects in women and
men, and the issue is differing levels of hemoglobin by
sex affecting the level of glycemia represented by
HbA1c, and thereby consequences for mortality.

Our finding that liability to diabetes was more
strongly associated with years of life lost in men than
women is inconsistent with an observational study
showing women with diabetes have a higher risk of all-
cause mortality than men, particularly from coronary
heart disease (CHD).39 However, a recent MR study
suggested that the causal effect of liability to diabetes on
CHD is not stronger in women than men.40 Further-
more, comparing relative risks without considering the
underlying absolute risk is invalid. Diabetes confers a
substantially higher absolute risk of CHD in men than
women even at the same relative risk, given the higher
prevalence of CHD in men. As such, HbA1c
underestimating fasting glucose in men may be affect-
ing the diagnosis and treatment of diabetes, and thereby
resulting in the stronger association of liability to diabe-
tes with mortality in men than women. Such differen-
ces could be offset by undertreatment of hyperglycemia
and other cardiovascular risk factors in women.41

Iron levels moderating the association of fasting glu-
cose with HbA1c are relevant to the use of HbA1c as diag-
nostic and treatment criteria for diabetes in different
populations. Iron levels vary not only by sex, but also by
ethnicity and age.9 HbA1c overestimates glycemia in
African Americans, Hispanics and Asians compared
with non-Hispanic whites,6,7 which could be explained
by higher prevalence of iron deficiency anemia in these
populations.42 HbA1c may overestimate glycemia in chil-
dren, given their lower iron levels than adults.9 However,
HbA1c criteria used to test for prediabetes or type 2 diabe-
tes in children and adolescents are extrapolated from
those in adults.43 We cannot exclude the possibility that
other factors influencing erythrocyte lifespan4 also mod-
erate the relation of fasting glucose with HbA1c. HbA1c
underestimates glycemia in people with sickle cell traits
or hemoglobin E.44,45 Notably, sickle cell disease and
hemoglobin E result in iron overload.46,47

HbA1c representing different levels of glycemia by
population might lead to different consequences of gly-
cemic control based on managing HbA1c. In the Action
to Control Cardiovascular Risk in Diabetes (ACCORD)
trial, intensive treatment targeting lower HbA1c
decreased major cardiovascular events in low and mod-
erate HGI participants with type 2 diabetes, but not in
the high HGI participants.35 The risk of hypoglycemia
was greatest in high HGI subgroup,35 which may indi-
cate possible overtreatment.

There are several limitations of this study. First of
all, MR should fulfill three rigorous assumptions, that
is relevance, independence and exclusion restriction.10

To satisfy the relevance assumption, we checked the F-
statistics and conditional F-statistics were >10, sug-
gesting little weak instrument bias. To address the
independence and exclusion-restriction assumption,
we checked whether genetic variants were associated
with potential confounders or located on ABO, a well-
known pleiotropic gene. We assessed violation of the
exclusion-restriction assumption using the MR Egger
intercept in univariable MR and the Q-statistic in mul-
tivariable MR. The Q-statistic detects potential pleiot-
ropy in the form of excessive heterogeneity in
multivariable MR, and has inflated type 1 error in the
presence of weak instruments,32 which was not the
case here. We used analytic methods robust to pleiot-
ropy as the main analyses, and conducted sensitivity
analyses with different underlying assumptions. Sec-
ond, we obtained genetic predictors for hemoglobin
from the same study (i.e., the UK Biobank) as sex-spe-
cific genetic associations with HbA1c. We obtained
genetic predictors for liability to diabetes from
www.thelancet.com Vol 84 October, 2022
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DIAMANTE which overlaps with the UK Biobank from
which the GWAS of all-cause mortality was obtained.
Nevertheless, two-sample MR methods in a one-sam-
ple setting perform well in terms of bias and precision
in large biobanks, except for MR Egger which can be
biased in the direction and magnitude of the confound-
ing if the variability of instrument strength indicated
by I2GX is less than about 97%, which was the case
here.48 Third, we extracted sex-combined genetic
instruments for serum iron and applied them to derive
sex-specific MR estimates for the association with
HbA1c, which might limit the detection of sex differen-
ces. Fourth, MR can be open to selection bias, particu-
larly from recruiting survivors.49 However, the
participants were relatively young likely obviating
selective survival to recruitment on genetic endow-
ment and glycemic indicators. We obtained genetic
associations with fasting glucose and HbA1c from
MAGIC including only individuals without
diabetes,19,20 which might underestimate these associ-
ations. Fifth, population stratification might affect MR
estimates. The studies used were undertaken in people
of European descent with genomic control. As such,
these associations might not apply to other popula-
tions. Although causes should be consistent across set-
tings,50 the effect sizes might vary by population. For
example, the association of fasting glucose with HbA1c
varies by group according to iron level. Thus, replica-
tion in other populations, such as Asians, Hispanics
and African American would be worthwhile. Sixth, we
obtained sex-specific genetic associations with diag-
nosed diabetes rather than specifically type 2 diabetes
from the UK Biobank, which could result in impreci-
sion but is unlikely to change the estimates substan-
tially. Seventh, although we used the largest available
GWAS giving sex-specific genetic associations, the
number of cases of diabetes was relatively low. Larger
samples are necessary to confirm these sex-specific
associations in the future. We did not consider non-lin-
ear associations in this MR study, because a majority of
observational studies suggested linear associations of
glucose with HbA1c,51,52 and of HbA1c with all-cause
mortality,53,54 although some previous studies sug-
gested U- or J-shaped relations,55,56 which could be an
indicator of confounding or selection bias.57 A recent
MR study suggested a linear causal association of
HbA1c with coronary artery disease,15 the leading cause
of mortality. However, we cannot exclude the possibil-
ity that causal associations between these variables
might be non-linear by gender.

Our MR study suggested that HbA1c, a currently
accepted clinical measure of glycemia, underestimates
fasting glucose in men compared with women, possibly
due to erythrocyte properties. Diagnostic and manage-
ment criteria based on HbA1c may result in HbA1c and
liability to diabetes reducing lifespan more in men than
women. These insights highlight the importance of
www.thelancet.com Vol 84 October, 2022
using measures that reflect the same level of glycemia
equitably in different populations in the diagnosis, treat-
ment and management of diabetes.
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