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Abstract

Aims It is unclear if the presence of type-2 diabetes in one spouse is associated with the development of diabetes in the
other spouse. We studied the concordance of diabetes among black and white participants in the Atherosclerosis Risk in
Communities (ARIC) study and summarized existing studies in a meta-analysis.

Methods We conducted a prospective cohort analysis of ARIC data from 8077 married men and women (mean age 54 years)
without diabetes at baseline (1987-1989). Complementary log—log models that accounted for interval censoring was used
to model the hazard ratio (HR) for the association of spousal diabetes status with the incidence of diabetes. For the meta-
analysis, we searched MEDLINE and EMBASE for observational studies published through December 2018 that evaluated
spousal concordance for diabetes.

Results During a median follow-up of 22 years, 2512 incident cases of diabetes were recorded. In models with adjustment
for general adiposity, spousal cardiometabolic factors and other diabetes risk factors, adults who had a spouse with diabetes
had elevated risk for incident diabetes compared to those without a spouse diagnosed with diabetes (HR 1.20, 95% confi-
dence interval 1.02-1.41). This association did not differ by sex or race. Summarized estimates from the 17 studies (489,798
participants from 9 countries) included in the meta-analysis showed a positive association between spousal diabetes status
and the development of diabetes (Pooled odds ratio 1.88, 95% CI 1.52-2.33).

Conclusions Results from this large prospective biracial cohort and meta-analysis provides evidence that spouses of persons
with diabetes are a high-risk group for diabetes.
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Introduction

Type 2 diabetes continues to be a critical public health chal-
lenge worldwide. Globally, more than 425 million adults
Managed by Massimo Porta. over the age of 20 years are estimated to have diabetes [1]
and this number is estimated to increase in the face of the
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diabetes risk assessment. Familial aggregation studies esti-
mate the heritability of diabetes to be approximately 25%
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play important roles in the expression of genetic risk on the
incidence of diabetes.

Spouses are usually genetically unrelated, but may share
some common lifestyle and environmental factors. Accord-
ingly, some previous studies have reported spousal con-
cordance for high glucose levels [5, 6] while others suggest
that spouses of persons with diabetes have a greater risk of
diabetes compared to spouses of persons without diabetes
[7-11]. However, a meta-analysis of 5 cross-sectional stud-
ies found no significant spousal concordance for diabetes
after accounting for body mass index (BMI) [12]. To date,
the prospective investigations of spousal concordance of dia-
betes are sparse with the results being equivocal [7, 13—15].
Prior prospective studies have largely failed to account for
other risk factors for diabetes such as smoking, diet and
physical activity in addition to other potential mediators like
lipids and blood pressure.

Therefore, we aimed to assess, prospectively, among a
biracial cohort of white and black men and women enrolled
in the Atherosclerosis Risk in Communities (ARIC) study
whether spouses of individuals with diabetes are at a higher
risk of developing diabetes than spouses of individuals with-
out diabetes, independent of other diabetes risk factors and
common shared lifestyle factors. We hypothesized that hav-
ing a spouse with diabetes would be positively associated
with the incidence of diabetes independent of excess adipos-
ity. To put our findings in context and provide a higher level
of evidence, we also pooled our results with prior published
studies in a meta-analysis.

Materials and methods
Study population

The ARIC study is a multi-center prospective cohort study
of 15,792 men and women aged 45-64 who were recruited
and examined in 1987-1989 from four US communities in
North Carolina, Mississippi, Minnesota, and Maryland to
identify risk factors for atherosclerosis and cardiovascular
disease. To date, 5 follow-up examinations have been con-
ducted in 1990-1992, 1993-1995, 1996-1998, 2011-2013
and 2016-2017. Additionally, participants have been con-
tacted by phone annually or semi-annually since baseline
with more than 90% of the surviving cohort continuing to
respond. All participants provided written informed consent
with data collection protocols approved by the Institutional
Review Boards of each participating ARIC study center (the
Universities of North Carolina-Chapel Hill, Mississippi,
Minnesota, and John Hopkins University) and the coordi-
nating center (North Carolina-Chapel Hill), and the research
was conducted in accordance with the principles described
in the Declaration of Helsinki. The present analysis was
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restricted to only married individuals at baseline. Spousal
pairs were identified by asking participants to report their
marital status (i.e., married, never married, divorced, sepa-
rated, or widowed) prior to enrollment in ARIC and, if
applicable, to identify their spouse. No same-sex pairs were
included. Details of the study design and methods for ARIC
[16] as well as procedures used to identify spousal pairs [17,
18] are described elsewhere.

Exposure, risk factors and outcome

At baseline and each ARIC follow-up visit, standardized
protocols were used to collect information from partici-
pants. Age, sex, race, parental history of diabetes, educa-
tion, smoking status, alcohol intake, and medications were
all self-reported at baseline. Blood pressure was measured
three times using a random-zero sphygmomanometer with
participants seated and after 5 min of rest. The average of
the second and third consecutive measurements was used
for analysis. BMI was calculated by dividing weight in kil-
ograms by height in meters squared. Waist circumference
was measured at the level of the umbilicus. Sports-related
physical activity was assessed by the Baecke questionnaire
[19]. Total daily caloric intake was estimated using a modi-
fied 61-question Willet food frequency questionnaire [20].
Blood samples were obtained at every visit and participants
were asked to fast for 12 h before the blood draw. Plasma
total cholesterol and high-density lipoprotein (HDL) choles-
terol were determined by enzymatic methods. Glucose was
measured using the hexokinase-glucose-6-phosphate dehy-
drogenase method and insulin was measured by radioimmu-
noassay in serum. The exposure for this analysis is having a
spouse diagnosed with diabetes. Ascertainment of diabetes
status was conducted at each visit and follow-up phone inter-
views. Diabetes was defined as a fasting blood glucose level
> 7.0 mmol/L, non—fasting blood glucose > 11.1 mmol/L,
self-reported physician diagnosis of diabetes, or reported
current use of antidiabetic medication.

Statistical analysis

From 8976 married participants at baseline who reported
either black or white race, we excluded all participants who
had diabetes at baseline, resulting in an analytic sample of
8077 participants. Characteristics of the study participants
were described using means (standard deviations) and pro-
portions stratified by sex. We used complementary log—log
regression models that accounted for interval censoring
to estimate the hazard rate ratio (HR) for the association
between baseline spousal diabetes status and the incidence
of diabetes occurring from baseline to December 31, 2016.
Model 1 adjusted for demographic factors. Model 2 further
adjusted for behavior and lifestyle factors. Model 3 further



Acta Diabetologica (2019) 56:619-629

621

adjusted for parental history of diabetes and cardiometabolic
factors such as HDL and total cholesterol, systolic blood
pressure and body mass index, which were all modeled as
time-varying covariates. Model 4 further adjusted for the
spouse’s cardiometabolic factors. To determine whether the
magnitude of association of a husband’s diabetes status on
the wife’s risk for developing diabetes is the same as the
magnitude of association of a wife’s diabetes status on the
husband’s risk for diabetes, a two-way interaction between
spousal diabetes status and sex was conducted. Other for-
mal tests for multiplicative interactions of age, race, BMI,
parental history of diabetes, systolic blood pressure, total
caloric intake and total cholesterol with spousal diabetes sta-
tus in relation to incident diabetes were assessed. All these
interaction tests were found not to be statistically significant
(p>0.05). Two sensitivity analyses were performed. First,
to explore the influence of the duration of shared norms,
practices, and behaviors among couples on the risk of dia-
betes, an analysis was performed to assess the association
of spousal diabetes with the incidence of diabetes among
participants who reported being divorced, separated or wid-
owed after baseline. Second, to evaluate the robustness of
the reported estimates, incident diabetes was restricted to
self-reported physician diagnosis of diabetes.

Meta-analysis

The meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses guidelines (Supplementary material (SM)
table S1) [21]. The protocol is registered at http://www.
crd.york.ac.uk/PROSPERO (ID: CRD42018106905). We
performed a systematic literature search with no language
restrictions in MEDLINE, and EMBASE, to evaluate all
studies published (including abstracts) up until December
31, 2018 that assessed spousal diabetes as a risk factor for
the development of diabetes in the non-diabetes spouse.
The search strategy included a combination of text word
and medical subject heading (SM table S2). Reference lists
of retrieved articles were also reviewed and authors of
relevant articles were contacted for missing data (100%
response). Studies were included if (1) they had a cohort,
case—control or cross-sectional design; (2) the main expo-
sure of interest was spousal diabetes risk; (3) the endpoints
of interest were prevalent or incident type-2 diabetes; (4)
risk estimates were reported, namely odds ratios (OR),
relative risks, incidence rate ratios or hazard rate ratios
and 95% confidence intervals (CI). Studies were excluded
if they did not assess within spousal associations, reported
estimates for a composite outcome of pre-diabetes and dia-
betes, or reported associations only with glucose levels.
For each study, the maximally adjusted risk estimate was
chosen whenever available. The methodological quality of

the studies included in the meta-analysis were evaluated
using the Newcastle—Ottawa Scale for case—control studies
and cohort studies [22] and a modified version for evaluat-
ing cross-sectional studies [23] (SM table S3).

Data extraction and analysis

The following information was recorded for each study
using a standardized form: author, year of publication,
location, study design, sample size, number of events,
definition of diabetes status and confounders adjusted in
models. Odds ratio was the summary effect estimate of
choice. When the incidence of an event is low, the odds
ratio has been shown to be a good approximation for the
incidence rate ratio or hazard rate ratio [24]. Therefore,
rate ratios were treated as ORs without further adjustment
as the incidence of diabetes in these study populations was
low (<£10%). When studies did not report effect estimates,
but provided raw data to do so, odds ratios and exact CIs
were estimated using conditional maximum-likelihood
methods [25]. Whenever unavailable for a study, over-
all estimates were calculated by combining sex-specific
estimates. Significant between-study heterogeneity was
anticipated based on known regional differences in both
the burden and predisposing environmental factors for dia-
betes as well as the varying study designs used. Therefore,
summary estimates across all studies were calculated using
DerSimonian and Laird’s random-effects method, weight-
ing individual study risk estimates by the inverse of their
variance [26]. Statistical heterogeneity among studies was
assessed using Cochran’s Q test and /> with a p value of
<0.10 used to reject the null hypothesis that estimates
from the various studies are homogenous. To determine
the size and clinical relevance of the observed heteroge-
neity [27], the underlying between-study variance, 7> was
also reported. Possible sources of heterogeneity were also
explored using Galbraith plot [28] and subgroup analysis.
Meta-regression analysis was subsequently used to deter-
mine whether study-level covariates explained some of
the observed between-study heterogeneity. Publication
bias was assessed by visual interpretation of funnel plots,
Begg’s adjusted rank correlation [29], Egger’ regression
asymmetry tests [30] and weighed fail-safe N [31]. To
evaluate the stability of the results of the summary esti-
mate, several sensitivity analyses were performed includ-
ing sequentially removing one study at a time to evalu-
ate the influence of each study on the pooled estimate.
Cumulative meta-analysis was also performed by sorting
the studies based on publication year to assess the influ-
ence of accumulation of data over time on the pooled OR
as well as sorting studies from the most precise to least
precise based on sample size.
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Results
Prospective cohort analysis

At baseline, a total of 771 ARIC participants had spouses
who were diagnosed with diabetes. Having a spouse with
diabetes showed positive associations with age, black race,
systolic blood pressure, antihypertensive medication use,
insulin levels, BMI, and waist circumference, and nega-
tive associations with education, alcohol intake and sports-
related physical activity scores (Table 1).

During a median follow-up of 22 years, 2512 incident
cases of diabetes were recorded with 2239 of the cases
defined based on blood glucose levels or medication while
668 of these were based on blood glucose levels alone.
Overall, participants with a spouse diagnosed with diabetes
were more likely to develop diabetes compared to adults
whose spouse did not have diabetes at baseline (HR 1.48,
CI 1.30-1.67) (Table 2). The association was slightly higher
among husbands whose wife had diabetes (HR 1.63, 95% CI
1.36-1.96) compared to wives whose husband had diabe-
tes (HR 1.44,95% CI 1.21-1.71). However, this difference
was not statistically significant (p =0.62). The association

Table 2 Hazard rate ratios (95% confidence intervals) for the associa-
tion of spousal diabetes status with the incidence of diabetes, ARIC
study 1987-2016

Model Hazard rate ratios 95% CI

Unadjusted 1.48 1.30-1.67
Model 1 1.34 1.17-1.52
Model 2 1.33 1.17-1.51
Model 3 1.27 1.08-1.49
Model 4 1.20 1.02-1.41

Model 1 adjusted for demographic factors: age, race, sex, ARIC
center and education

Model 2 further adjusted for behavior and lifestyle factors namely
total daily caloric intake, smoking status, alcohol intake and physical
activity

Model 3 further adjusted for parental history of diabetes and car-
diometabolic factors: body mass index, HDL and total cholesterol,
and systolic blood pressure which were all modeled as time-varying
covariates

Model 4 further adjusted for a person’s spouse risk factors (baseline
smoking status, systolic blood pressure, alcohol intake, total daily
caloric intake, high-density lipoprotein cholesterol and total choles-
terol)

Table 1 Baseline characteristics of the 8077 married participants without diabetes by sex, ARIC study 1987-1989

Men Women
Spouses of DM Spouses of non-DM  p value Spouses of DM Spouses of non-DM  p value
women (n=2326) women (n=3653) men (n=445) men (n=3653)
Age, years 56.9 (0.3) 55.2 (0.1) 0.001 54.2 (0.3) 52.8 (0.1) 0.001
Race, black (%) 27.2 13.1 0.001 23.8 13.0 0.001
Education (%) 0.001 0.001
< High school 34.8 19.5 20.9 14.5
High school 39.1 37.5 50.9 49.1
> High school 26.2 43.0 28.2 36.4
Smoking status, current (%) 28.8 24.7 0.109 20.9 21.5 0.807
Alcohol intake (g/day) 57.7(7.9) 69.2 (2) 0.099 20.0 (2.6) 22.4 (0/8) 0.330
Systolic blood pressure (mmHg) 126 (1.0) 121 (0.3) 0.001 121 (0.9) 117 (0.3) 0.001
Hypertension meds (%) 26.1 243 0.460 333 24.6 0.001
Body mass index (kg/m?) 28.0 (0.3) 27.2 (0.1) 0.001 28.0 (0.3) 26.5 (0.1) 0.001
Waist circumference (cm) 100.5 (0.7) 98.7 (0.2) 0.003 96.0 (0.7) 91.7 (0.2) 0.001
Total caloric intake (kcal/day) 1822 (44) 1764 (12) 0.159 1559 (31) 1499 (10) 0.040
Sports-related physical activity 2.5(0) 2.6 (0) 0.001 2.3 (0) 2.4 (0) 0.008
Total cholesterol (mmol/L) 5.50 (0.06) 5.48 (0.02) 0.759 5.67 (0.05) 5.58 (0.02) 0.117
HDL-cholesterol (mmol/L) 1.20 (0.02) 1.18 (0.01) 0.278 1.56 (0.02) 1.57 (0.01) 0.550
Lipid-lowering meds (%) 2.8 32 0.868 2.0 24 0.742
Insulin (pmol/L) 85.3(3.3) 79.6 (0.9) 0.084 79.9 (2.8) 70.1 (0.9) 0.001
Glucose (mmol/L) 5.64 (0.03) 5.60 (0.01) 0.153 5.42 (0.02) 5.36 (0.01) 0.006
Family history of diabetes (%) 23.9 21.1 0.259 254 229 0.259

Values are means (standard deviations) or percentages
DM diabetes mellitus, HDL high-density lipoprotein

@ Springer



Acta Diabetologica (2019) 56:619-629

623

was attenuated, but remained significant after adjustment
for demographic factors (model 2) or behavior and lifestyle
factors, parental history of diabetes and cardiometabolic fac-
tors (model 3). After further adjustment for a participant’s
spouse risk factors for diabetes, namely smoking status,
systolic blood pressure, alcohol intake, total daily caloric
intake, HDL, and total cholesterol, the HR was 1.20 (95%
CI 1.02-1.41) for incident diabetes among adults with a
spouse diagnosed with diabetes. No appreciable difference
was observed when additional adjustment for an individual’s
own waist circumference was made.

In sensitivity analyses, the association of spousal diabe-
tes status and incident diabetes was similar when incident
diabetes was restricted to either cases of self-reported phy-
sician diagnosis of diabetes (HR 1.17; 95% CI 0.97-1.40),
cases of diabetes based on blood glucose levels or medica-
tion use (HR 1.15; 95% CI 0.96-1.38) or cases of diabetes
based on blood glucose only (HR 1.00; 95% CI 0.68-1.46).
There was no appreciable difference in the risk for diabetes

between participants who remained married during follow-
up (n=>5745) and those who reported being divorced, sepa-
rated or widowed during follow-up (n=2332) (p =0.568).

Meta-analysis

Sixteen studies [6—11, 13—15, 32-38] together with the cur-
rent study from the ARIC cohort met the inclusion criteria
for the meta-analysis (Fig. 1). Characteristics of the included
studies which comprised of 489,798 participants from 9
countries are presented in the SM table S4. Of these, 3 were
case—control studies, 5 were cohort studies and 9 were cross-
sectional studies. For the cohort studies, the average follow-
up ranged from 3 to 25 years.

In our pooled analysis, having a spouse with diabetes was
significantly associated with developing diabetes (Pooled
OR=1.88, 1.52-2.33, I*=97.7%, p <0.001) (Fig. 2). In sub-
group analyses, the association was observed to be larger in
case—control studies than cohort and cross-sectional studies

Additional records identified through
other sources (N=10)

9 from reference list review

1 from the current study

783 excluded (duplicates)

y

4051 records identified for

screening

3950 articles excluded on

the basis of title and/or

> abstract review due to
them not being related to
the topic of interest

101 full text articles assessed

for eligibility

Fig. 1 Flowchart of study selec-
tion for the meta-analysis Records identified through database
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commentaries, systematic reviews
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levels as the outcomes
3 had sample overlap
2 broadly considered individuals
living in household with no
estimates provided for spouses
2 did not distinguish between pre-
diabetes and diabetes
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Fig.2 Forest plot of odds ratios
and 95% ClIs for the association
of spousal diabetes status with
the development of diabetes in
the non-diabetes spouse. Appiah
et al. is the current study

Study

Case-control

Jayaprasad et al, 2018 [37]
de Visser et al, 2015 [34]
Wang et al, 2017 [38]
Subgroup estimate

I? = 69%, t* = 0.0376, 32 = 6.51 (p = 0.04)

Cohort

Raghavan et al, 2016 [13]
Nielsen et al, 2018 [14]
Appiah et al, 2018
Hemminki et al, 2010 [7]
Cunningham et al, 2017 [15]
Subgroup estimate

I? = 99%, * = 0.3638, 12 = 520.18 (p < 0.01)

Cross-sectional
Trejo-Arteaga et al, 2018 [33]
Mothojakan et al, 2016 [35]
Al-Sharbatti et al, 2016 [6]
Khan et al, 2003 [11]
Stimpson et al, 2005 8]
Patel et al, 2017 [36]
Hippisley-Cox et al, 2002 [9]
Sun et al, 2016 [32]

Jurj et al, 2006 [10]
Subgroup estimate

I? = 76%, 1* = 0.0482, 72 = 33.54 (p < 0.01)

Overall estimate

I* = 98%, 1* = 0.1609, 12, = 702.17 (p < 0.01)

(Table 3). The pooled estimates did not vary by region, sex,
sample size, adjustment for BMI, diabetes diagnostic criteria
and study quality. The funnel plot appeared largely asym-
metrical (SM Fig. S1) with empirical evidence supporting
this observation (Begg test p=0.187, Egger’s bias =3.08,
p=0.121). Furthermore, the number of unpublished studies
of null effect that would reduce the results of this analysis to
statistical non-significance was estimated by fail-safe N to
be 223, confirming that these results are robust to publica-
tion bias. The Galbraith plot showed that 7 of the 17 studies
fell outside of the +2 standard deviations parallel lines thus
indicating potential presence of significant heterogeneity
(SM Fig. S2). When these seven studies were excluded in
sensitivity analysis, the observed heterogeneity was reduced
considerably with /? changing from 97.7 to 18.1%. It is not
entirely clear what these outlier studies have in common that
accounted for substantial heterogeneity beyond sampling
error in the analysis. However, six of the seven studies made
no adjustment for BMI with the other having more than a
fifth of participants (~39,000) with missing information for
BMI. Although the overall effect estimate for the develop-
ment of diabetes after a spouse’s diagnosis was attenuated
with the exclusion of these seven studies, it remained statisti-
cally significant (Pooled OR 1.33, 1.24-1.42) (SM Fig. S3).
In meta-regression analysis, there was no influence on the
pooled estimate by any study-level characteristics. In analy-
sis which sequentially omitted one study at a time and recal-
culated the pooled ORs for the remainder of the studies, it
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was observed that no individual study influenced the pooled
estimate substantially; however, the omission of the study by
Cunningham et al. [15] resulted in a 17% reduced change
in the pooled estimate (SM Fig. S4). The cumulative meta-
analysis showed that the association of spousal diabetes sta-
tus with the development of diabetes remained significant
over time but tended to fluctuate with the accumulation of
studies (SM Fig. S5). Further analysis sorting the studies
in the sequence of largest to smallest sample size showed
that the confidence interval for the pooled estimate became
increasingly narrower with the addition of smaller studies
(SM Fig. S6).

Discussion

Results from this large prospective observational cohort of
white and black men and women enrolled in the ARIC study
with a median follow-up of 22 years and extensive assess-
ment of diabetes risk factors showed an elevated risk of dia-
betes among adults who have a spouse with diabetes. This
association did not differ by sex, race or diabetes case defini-
tion used. Although this positive association was attenuated
by adjustment for shared demographic, social, behavioral,
dietary and time-varying physiological and cardiometabolic
factors, the observed association remained statistically sig-
nificant. Similarly, the meta-analysis pooling ARIC data
with 16 other observational studies also found a positive
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Table 3 Pooled odds ratios (95% CI) for stratified meta-analyses of
the association of spousal diabetes status with the development of
diabetes in the spouse without diabetes

Characteristics Studies, N Pooled OR (5% CI) p value*

Sex 0.692
Male 5 1.37 (1.26-1.49)

Female 5 1.34 (1.30-1.38)

Region 0.602
Asia 6 1.61 (1.18-2.19)

Europe 2.03 (1.32-3.14)
North America 5 2.04 (0.84-4.94)

Study design 0.004
Cross-sectional 1.54 (1.25-1.88)
Case—control 3 2.74 (2.07-3.62)

Cohort 5 1.89 (1.09-3.28)

Adjustment for BMI 0.854
No 10 1.83 (1.40-2.39)

Yes 7 1.93 (1.16-3.20)

Sample size 0.767
<1000 5 2.10 (1.13-3.87)
1000-9999 1.71 (1.25-2.34)
>10,000 6 1.97 (1.37-2.85)

Adjustment for con- 0.728
founders
Unadjusted 4 2.09 (1.08-4.06)

Adjusted 13 1.84 (1.46-2.33)

Diabetes diagnosis 0.779
Self-reported only 3 2.12 (0.97-4.63)
Self-report and blood 14 1.89 (1.49-2.40)

glucose or medication
Quality score 0.798

>7 8
<7 9

1.95 (1.35-2.81)
1.84 (1.36-2.47)

BMI body mass index, CI confidence interval, N number, OR Odds
ratio

*Between group comparison p value

association of spousal diabetes status with the development
of diabetes.

Previous reports for the association of spousal diabetes
status with the development of diabetes have been incon-
sistent. A previous meta-analysis on spousal concordance
for coronary risk factors reported a modest 16% elevated
odds for diabetes concordance based on the review of three
cross-sectional studies [39]. The meta-analysis of 5 cross-
sectional studies by Leong et al. [12] found no significant
spousal concordance for diabetes after accounting for BMI.
Obesity and diabetes share similar risk factors with the for-
mer influencing the occurrence of the latter. Among obese
young adults, the lifetime risk of diabetes is estimated to be
57.0% and 54.6% for men and women with the risk increas-
ing to 70.3% and 74.4% for very obese men and women

[40]. Similar to other cohort studies [13, 15], the present
ARIC study showed an elevated risk for spousal concord-
ance of diabetes after accounting for BMI. These findings
of elevated risk of diabetes among spouses of persons with
diabetes beyond obesity were corroborated by the current
meta-analysis which included more than three times the
studies evaluated in previous meta-analyses [12, 39]. Taken
together, these results suggest that shared adiposity may not
completely explain the elevated risk of diabetes among mar-
ried couples or partners.

The shared diabetes risk among married couples or
partners observed in this and other studies may be largely
explained by shared behavior/lifestyle and environmental
factors. Among spouses who are genetically unrelated, host
characteristics such as behavior/lifestyle factors and envi-
ronmental exposures may play important roles in the devel-
opment of diabetes. Behavior/lifestyle and environmental
factors may influence the phenotypic expression of diabe-
tes either directly or indirectly by modulating the genetic
susceptibility of one or both spouses [41, 42]. Two theo-
ries have been widely publicized to explain the influence
of behavior/lifestyle factors on shared diabetes risk among
spouses. The first theory is non-random or assortative mat-
ing, which refers to the tendency of individuals to select
spouses based on preference for similar phenotypic charac-
teristics and normative attribute such as health norms, body
composition, physical or sedentary activities and socioec-
onomic status [14, 15, 42]. The second theory alludes to
spouses converging in their behaviors and lifestyle over the
course of the marriage as a result of engaging in similar
activities, practices, and habits [14, 15, 42]. In support of
both theories, substantial spousal resemblance has been
reported for blood pressure [43], glucose [5, 6], lipids [9],
physical activity [44, 45], sedentary lifestyle [46], diet and
eating patterns [47, 48], dietary supplement use [49], sleep-
ing patterns [50] and smoking [48]. For instance, having an
obese spouse is reported to be associated with a 37% to a
twofold risk of obesity in the other spouse [51, 52].

Even though extensive adjustment for some of these
shared spousal factors was made in the present ARIC study
and other prospective studies [13, 15], residual confound-
ing of other unmeasured shared factors may explain the
observed elevated risk for the development of diabetes
among spouses of persons with diabetes. Other reports have
shown that shared built environment characteristics such as
homes, schools, workplaces, highways, urbanization, neigh-
borhood walkability, green space, pollution and access to
amenities such as parks, fresh fruits/vegetables and preven-
tive health services all influence the risk of developing dia-
betes [42, 53, 54]. This suggests that sharing built environ-
mental exposures may also impact couples’ risk of diabetes
either directly, for example by means of pollution, or indi-
rectly through influencing behavioral or lifestyle similarities
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among married couples. All in all, it is also worth noting
that these shared spousal upstream and downstream determi-
nants of diabetes may not always result in the development
of diabetes among one or both spouses due to differences in
underlying physiological and genetic predispositions for dia-
betes [14]. Explaining how upstream environmental factors
influence spousal similarities and differences should be an
important focus of future research. Furthermore, investiga-
tions of the additional role of built environment on incident
diabetes risk beyond shared spousal behavior/lifestyle char-
acteristics and predisposing host genetic susceptibility will
provide valuable information that may provide a window of
opportunity to intervene on the shared diabetes risk among
spouses. Other shared characteristics may also contribute to
the development of diabetes among spouses. Spouses under
the same household socioeconomic condition often share the
same financial resources which may contribute to the degree
of resemblance among spouses for health related-activities,
cardiometabolic conditions and psychosocial stressors as
well as access to health care [38, 45]. In most countries,
access to health care is largely influenced by health insur-
ance coverage, and inadequate or lack of health insurance
coverage have been reported to play a crucial role in the
uptake of preventive services for diabetes [55].

It is also possible that genetic predisposition for dia-
betes among one or both married couple could contribute
to spousal concordance for diabetes. Several studies have
shown that inherited genetic susceptibility is an impor-
tant risk factor for diabetes among related individuals.
For instance, previous familial aggregation studies have
reported the heritability of diabetes to be approximately
25% [2, 3]. However, with the prevalence of consanguin-
eous marriages being low in locations in which majority
of the studies for the current meta-analysis were conducted
[56], it is unlikely that host genetic susceptibility alone may
explain, to a greater extent, the spousal concordance for dia-
betes observed in the current analysis. In support of this,
Raghavan et al. [13] observed in the Framingham Offspring
Study that the elevated risk for diabetes in adults who have
a spouse with diabetes remained even after accounting for
spouse’s diabetes additive genetic risk score and parental
history of diabetes.

The findings of this study have important clinical and
public health implications. A number of clinical evaluation
guidelines and risk assessment tools for diabetes focus on
factors such as age, race, body weight, BMI, smoking, and
family history to identify high risk groups for interventions
[57, 58]. However, several of these factors are known to clus-
ter in households even among persons that are genetically
unrelated. With the prevalence of diabetes rapidly increasing
worldwide and 46% (174.8 million) of all diabetes cases in
adults estimated to be undiagnosed [59], spousal concord-
ance or history of spousal diabetes status can be leveraged
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to bolster efforts to identify high risk individuals or undiag-
nosed diabetes cases for couple-based lifestyle preventive
services, counseling, or care-delivery interventions. Such
interventions have been shown to yield clinically significant
results even when only one spouse receives the intervention.
For example, having a spouse, relative or friend with diabe-
tes is known to elicit lifestyle changes towards good health
and in some instances motivate individuals without diabe-
tes to seek screening and preventive care [60]. Thus, if one
spouse adapts healthy lifestyle behaviors, the other spouse
is usually more likely to do so as well [61, 62].

There are some limitations to this study that must be
considered when interpreting our results. First, only het-
erosexual legally married couples in the ARIC cohort were
included in the study. Therefore, the findings may or may
not be generalizable to cohabiting but not married couples
or to same-sex couples. Second, we were unable to deter-
mine the influence of the length of marriage or cohabita-
tion, quality of marriage or the duration of spousal diabetes
status, on the reported association as such information were
not measured. However, some previous studies observed no
significant influence of duration of marriage/cohabitation
on spousal concordance for diabetes [6, 8, 10, 32]. In the
present study there was no difference in estimates between
couples who remained married during follow-up and those
who were divorced, separated or widowed. Third, we did
not measure some important confounders such as the built
environment, access to care and diet quality, therefore, we
could not account for their influence on the results. Fourth,
although there were no appreciable differences in estimates
with regard to the diabetes case definition used, the null
association found for spousal diabetes status with incident
diabetes defined by fasting glucose may point to the possibil-
ity of detection bias. It is also possible that this observation
may be due to limited statistical power. Alternatively, Khan
et al. [11] reported higher odds of diabetes defined by fasting
glucose or oral glucose tolerance test among persons with
a spouse diagnosed with diabetes. Finally, the pooled OR
from the meta-analysis may overestimate the risk of spousal
diabetes status with the development of diabetes since some
of the included studies reported ORs when the incidence of
diabetes in their study population was > 10%.

In summary, the data from this large prospective biracial
cohort and summarized estimate from the meta-analysis of
17 studies provides evidence that having a spouse with dia-
betes elevates an individual’s risk of developing diabetes
even beyond the effect of the individual’s own risk factors
for diabetes.
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