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Pathogen burden has been linked to the
occurrence of selected noncommunica-
ble health events, particularly coronary
heart disease (1). In addition to an in-
flammatory hypothesis, pathogen bur-
den may contribute to features of
immune senescence, such as the accu-
mulation of differentiated cytotoxic
T cells that are associated with impaired
glucose homeostasis (2). This raises the
possibility of a link between early life
infection and diabetes, although longi-
tudinal studies are scarce. Existing data
on acquired infections and diabetes risk
have been inconsistent, which may be
ascribed to methodological weaknesses
such as small sample sizes (n , 150) in
studies largely on patient groups rather
than the general population and a scar-
city of prospective cohort studies. In the
only prospective evidence of which we
are aware, childhood illness of sufficient
severity to warrant hospitalization was
associated with markers of metabolic
health, including fasting glucose (3). In
the present analysis we use data from a
national birth cohort of the general pop-
ulation in which exposure to infection
was assessed in childhood before the
onset of diabetes that was ascertained
some 35 years later.
We used data from the 1970 British

Cohort Study (4), in which participants
have been surveyed on a regular basis

throughout childhood (ages 5 and 10
years) and adulthood. Participants pro-
vided informed consent and the study
received full ethical approval from the
National Research Ethics Service (NRES)
Committee South East Coast – Brighton
and Sussex (Ref. 15/LO/1446). Data on
early life infections were derived from
three different sources. First, at the age
10 survey, childhood hospital admissions
were recorded during parental inter-
views and data were provided by the
communitymedical officer or school nurse
following inquiries about the child’s use
of health services. These data were later
coded according to ICD-9 using codes
460–488 to denote admission for infec-
tions (e.g., pneumonia and influenza);
the remainder were designated as non-
infections. Second, we used overcrowd-
ing in childhood, indexed by number of
siblings, as a proxy of Helicobacter pylori.
Prior work has indicated elevated levels
ofH. pylori at a threshold of four or more
siblings (5). Last, during the biomedical
examination at age 46 years, cytomeg-
alovirus (CMV) antibodies were mea-
sured from serum samples with an
electrochemiluminescent immunoassay
(Roche E170 analyzer). At age 46, di-
abetes ascertainment was based on
self-report of physician diagnosis and/
or elevated A1C ($48 mmol/mol). Co-
variates included occupational social

class of parents, history of public child
care as a marker of major childhood
adversity, parental smoking, and BMI at
age 10 years. We computed odds ratio
(OR) with accompanying 95% CI to sum-
marize the relation of diabetes with early
life infection, both for the individual
exposures and a combination. Analyses
were conducted using SPSS version 26.

Despite attrition, the adulthood sam-
ple of the birth cohort remains broadly
representative. The analytic sample
comprised 7,396 participants (51.9%
women). Early life infection was evident
in 22.8% of the analytical sample and
was more prevalent in female partici-
pants, people from lower socioeconomic
groups, and families of smokers. Diabe-
tes was apparent in 4% of the sample in
midlife. Combined markers of early life
infection were related to higher odds of
diabetes in male participants (OR 1.84;
95% CI 1.29, 2.64) but not female par-
ticipants (0.60; 0.34, 1.06) after adjust-
ment for covariates (Table 1).When each
of the exposure markers was examined
individually, childhood overcrowding was
most strongly associated with diabetes
(Table 1). We used noninfection-related
hospital admission as a negative control
(6), hypothesizing that it would have
a similar confounding structure to admis-
sions for infection yet no biologically or
socially plausible link to later diabetes.
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The data for men suggested no associa-
tion between noninfection-related hospi-
tal admission and diabetes (OR 0.92; 95%
CI 0.62, 1.37) and a stronger, if statistically
nonsignificant, link for infection-related
admission (1.62; 0.98, 2.66). In women,
there was no apparent association be-
tween diabetes and either infection- or
noninfection-related admissions.
In conclusion, infections acquired in

early life were related to higher likeli-
hoodofdevelopingdiabetes in adultmen
over four decades later, although asso-
ciations were more marked for less severe
infection such as H. pylori. The strengths of
our study include its size and the avail-
ability of various markers of early life
infection in a cohort that was followed
for over four decades. Our sample was
studied inmiddle age (all participants born
in 1970) before the onset of significant
physical decline, thus allowing associations

between infection and diabetes to be stud-
ied more clearly in the absence of other
major comorbidities.

Funding. M.H. is funded through a joint award
from the Economic Social Research Council and
Medical Research Council (RES-579-47-0001).
G.D.B. is supported by theU.K.Medical Research
Council (MR/P023444/1) and theU.S. National Institute
on Aging (1R56AG052519-01, 1R01AG052519-01A1).
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. M.H. and G.D.B. gen-
erated the idea for the article and developed the
analytical plan. M.H. analyzed the data and
prepared a draft of the manuscript on which
G.D.B. commented. M.H. is the guarantor of this
work and, as such, had full access to all thedata in
the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.
Data Availability. Data are publicly available
at UK Data Archive (https://www.data-archive
.ac.uk/).

References

1. Libby P, Loscalzo J, Ridker PM, et al. Inflam-
mation, immunity, and infection in atherothrom-
bosis: JACC review topic of the week. J Am Coll
Cardiol 2018;72:2071–2081
2. Rector JL, Thomas GN, Burns VE, et al. Ele-
vated HbA1c levels and the accumulation of
differentiated T cells in CMV1 individuals. Dia-
betologia 2015;58:2596–2605
3. Burgner DP, Sabin MA, Magnussen CG, et al.
Infection-related hospitalization in childhood and
adult metabolic outcomes. Pediatrics 2015;136:
e554–e562
4. University of London Institute of Education,
Centre for Longitudinal Studies. 1970 British
Cohort Study: Forty-Six-Year Follow-Up, 2016–
2018. UK Data Service, 2019
5. Woodward M, Morrison C, McColl K. An
investigation into factors associated with Heli-
cobacter pylori infection. J Clin Epidemiol 2000;
53:175–181
6. Lipsitch M, Tchetgen Tchetgen E, Cohen T.
Negative controls: a tool for detecting confound-
ing and bias in observational studies. Epidemi-
ology 2010;21:383–388

Table 1—Association between markers of early life infection and diabetes in middle age: the 1970 British Cohort Study

Men Women

N diabetes
cases/N at risk

Age-adjusted OR
(95% CI)

Multiply-adjusted
OR (95% CI)

N diabetes
cases/N at risk

Age-adjusted OR
(95% CI)

Multiply-adjusted
OR (95% CI)

Hospitalization in childhood
None 134/2,628 1.0 (Ref) Ref 89/3,064 Ref Ref
Noninfection 32/679 0.92 (0.62, 1.37) 0.95 (0.61, 1.48) 19/505 1.31 (0.79, 2.16) 1.22 (0.69, 2.17)
Infection 19/238 1.62 (0.98, 2.66) 1.60 (0.91, 2.83) 7/229 1.05 (0.48, 2.31) 0.95 (0.40, 2.22)

CMV exposure
Negative 52/1,062 1.0 (Ref) Ref 34/962 Ref Ref
Positive 34/478 1.49 (0.95, 2.32) 1.47 (0.87, 2.47) 20/610 0.93 (0.53, 1.62) 0.53 (0.26, 1.11)

Childhood overcrowding
,4 siblings 167/3,409 1.0 (Ref) Ref 106/3,652 Ref Ref
$4 siblings 15/153 2.11 (1.21, 3.68) 2.20 (1.16, 4.16) 8/182 1.54 (0.74, 3.20) 0.47 (0.12, 1.96)

Combined infection
None 120/2,784 1.0 (Ref) Ref 89/2,924 Ref Ref
Any 62/778 1.92 (1.40, 2.64) 1.84 (1.29, 2.64) 25/910 0.93 (0.62, 1.40) 0.60 (0.34, 1.06)

Adjusted models contain the following covariates: father’s social occupational group, parental smoking, childhood public care, childhood BMI. Ref,
reference.
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