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Abstract

The COVID-19 pandemic spurred widespread weight gain, suggesting that type-2
diabetes may also increase. However, past research finding an association between
obesity and type 2 diabetes is subject to potential confounding on socioeconomic and
other variables. Using data from the nationally representative longitudinal Midlife in the
US study, we evaluated the association between obesity and diabetes 18 years later using
robust regression methods. To reduce potential confounding, we used nearest-neighbor
propensity score matching on demographics (age, race, gender), socioeconomic status
(educational attainment, household income), and health risks (physical activity, smoking
status) to match adults with obesity (n=450) and without obesity (n=617), which resulted
in covariate balance assessed by standardized differences. In Poisson regression in the
matched sample, individuals with obesity had 2.3 times the risk of diabetes in 18 years
than those without obesity (ARR , 95% confidence interval (1.62, 3.50)). COVID-19
pandemic recovery must include population-based obesity interventions (e.g., optimizing
agricultural subsidies to target obesity) and type-2 diabetes screening.
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1. Introduction

Diabetes is a global epidemic of major public health significance, associated with a
significant reduction in functional status and increased risk of mortality'. Obesity, an
established risk factor for Type II diabetes, has been described in the literature as the
most important factor in the worldwide increase in Type 2 diabetes.*?

Among adults hospitalized for severe COVID-19, one of the most common underlying
conditions was obesity, accounting for nearly 50% of admissions.* Diabetes has been
identified in the literature as a complication of obesity which predisposes patients to
hospitalization and invasive ventilation.*

Observational studies are often unable to show a strong causal link between obesity and
incident diabetes, due to inability to adequately control for confounding factors such as
race, income and education. Cross-sectional studies which show a significant association
between obesity and Type 2 diabetes, are unable to establish causality due to lack of
temporal sequence. This study therefore aims to estimate a causal effect of obesity on
diabetes in a propensity-score matched, longitudinal cohort study.

2. Materials and Methods
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2.1 Data

The data was obtained from the National Survey of Midlife Development in the Unites
States (MIDUS), a nationally representative sample of 7,444 Americans ages 25-74
surveyed in three waves: Wave 1 (1995-1996), Wave 2 (2004-2006) and Wave 3 (2013-
2014).

The sample was predominantly White (89%), with approximately 24% of the participants
classified as obese and 48% female. About 40% had at least some college education, and
84% reported having 'just enough' or 'less than enough' money to meet their needs. Less
than half (40%) participated in regular physical activity and 23% smoked regularly.

2.2 Measures

The main predictor variable in this study was baseline obesity, measured by BMI,
computed from self-reported height and weight at Wave 1. Obesity was coded as 1 for
BMI > 30 kg/m?. Implausible values were identified using Tukey's method of outlier
detection, such that BMI values below [Q1- 1.5*¥IQR] or above [Q3 + 1.5*IQR] were
excluded.’ The outcome measure was self-reported diabetes at Wave 3, defined as
response "Yes" to the following question: In the past 12 months have you experienced or
been treated for diabetes or high blood sugar?

Based on previous studies, control variables were selected which were likely to act as
confounders in the association between obesity and diabetes. These included age, race,
gender, physical activity, socioeconomic status, smoking status and educational
attainment.”® All variables were binary (coded 1 or 0), with the exception of age, which
was coded 1, 2 and 3 corresponding to age groups of 20-34, 35-44 and 45 or older. For
this analysis lower socioeconomic status was defined as having just enough or less
money to meet needs, and physically active was defined as participating in exercise
several times a week or more.

2.3 Statistical Methods

Pre-existing differences in the characteristics of the obese and non-obese groups have the
potential to bias the results. Propensity score matching was used to match obese and non-
obese (i.e., 'treatment' and 'control') via the nearest neighbor algorithm. A logistic
regression model estimates the propensity for being in high BMI group, as a function of
the covariates. These covariates included age, physical activity, race, gender,
socioeconomic status, smoking status. 617 controls were matched with all 450
individuals in the treatment group using a nearest neighbor propensity -matching
algorithm.

For inverse propensity-score weighting, subjects with baseline obesity (N= 1544), were
assigned weights of the inverse propensity of having obesity (1/ps.est), while those
without baseline obesity ( N=4781), were assigned weights of 1/(1-ps.est).

3. Results

3.1 Baseline characteristics and bivariate analysis before matching

Among individuals with baseline obesity, about 32% developed diabetes, compared to
only 10% of those who were not obese. Pearson chi-square test found a significant
association between the predictor and outcome with p<0.0001.

There were significant differences in confounding variables across treatment and control
groups prior to matching. Among those classified as obese, 85% were White and 15%
non-white; 56% female versus 44% male; 58% were age 20-35, 31% age 35-45 and 11%
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age 45-56. Those with more money than they need accounted for 12% of the obese
group, while 88% reported just enough or less money than they need. About 29%
engaged in regular physical activity while 71% did not; 18% were regular smokers while
82% did not smoke regularly; 55% reported having at least some college education, while
45 % were high school graduates or less. Prior to matching, all covariates were
significantly associated with the predictor at alpha of 0.05. Obesity was associated with
female gender, non-white race, the 35-45 age group, smoking regularly, lower
socioeconomic status, lack of regular physical activity and having less than a college
education.

3.2 Covariate balance after propensity-matching

After propensity score matching, covariate balance was achieved as seen in Figure 1. The
final matched dataset consisted of all 450 individuals from the obese group and 617 from
the control group. Table 1 demonstrates the relative distribution of demographic and
lifestyle factors between the two groups after matching.
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Figure 1: Covariate balance in standardized mean difference pre- and post-matching
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Tablel: Distribution of covariates in obese and non-obese groups post-matching and
association with predictor

BMI> 30 BMI <30 P-value

Age Category 0.4
Age (20-34)! 68.4 66.3

Age (35-44) 27.8 28.1

Age (45-56) 3.8 5.6

Physical activity 0.4
Active (several times/week) 30 333

Not active (< once per week) 70 67

Race 0.2
White 90.9 93.6

Non-white 9.1 6.4

Gender 0.8
Female 56.2 57.3

Male 43.8 42.7

Household Income 0.9
More money than you need 18.0 18.6

Less money than you need 82.0 81.4

Smoking Status 1.0
Smokes regularly 13.6 14.0

Does not smoke regularly 86.4 86.0

Educational Attainment 0.3
Some College 59.1 65.0

No college education 40.9 35.0

I Referent group

3.3 Regression model for obesity in the fully matched sample

Poisson regression was used to model the outcome diabetes based on obesity status. The
exponentiated regression coefficients provide an estimated incidence rate ratio (IRR), or
risk for each covariate included in the model (Table 2).

In the matched regression model, the risk of developing diabetes was 2.3 times higher in
obese individuals than in those who were not obese (95% CI 1.62, 3.50). Increased risk of
developing the disease was also associated with regular smoking (IRR 1.46, 95% CI:1.20,
1.77). Decreased risk of diabetes was observed in Whites (IRR 0.72, 95% CI: 0.58, 0.92),
individuals of higher socioeconomic status (IRR 0.72, 95% CI: 0.56, 0.92) and those with
some college education (IRR 0.84, 95% CI: 0.71, 0.98).
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Table 2: Poisson regression with outcome diabetes diagnosis 18 years later, among
individuals without diabetes at baseline

IRR 95% CI P
Obese (BMI >=30) 2.33 (1.62, 3.50) <0.0001
Regular smoker 1.46 (1.20, 1.77) <0.001
White 0.72 (0.58,0.92) 0.007
SES (more money 0.72 (0.56, 0.92) 0.009
than needed)
Some college 0.84 (0.71, 0.98) 0.03
Female 1.17 (0.98, 1.38) 0.08
Physically active 0.88 (0.73, 1.06) 0.18
Age (35-45) 0.93 (0.77, 1.12) 0.47
Age (45-56) 1.17 (0.72, 1.80) 0.49

4. Discussion

This study found that obesity measured as BMI, is a significant predictor of developing
diabetes in later life. These results were the same for both matched and unmatched
samples. This finding mirrors that of previous studies which indicate that increased body
fat and obesity in adults is associated with a higher risk for diabetes.”!° The proposed
mechanism linking obesity and diabetes is based on genetically predetermined growth
potential in adipose tissue, which leads to hypertrophy of adipocytes, chronic
inflammation and eventually insulin resistance.”!? Insulin resistance, the decreased
responsivity of cells to insulin is one of the primary precursors of Type 2 diabetes.”!
Whites, individuals with higher socioeconomic status and those with some college
education, had a lower risk of developing diabetes. This result was expected as
socioeconomic status is frequently cited in the literature as a key modifier of the
association between BMI and diabetes.!! In this sample, Whites accounted for 95% of
individuals who reported having more money than they need, providing strong evidence
of a racial divide in socioeconomic status. In Table 2, the incidence rates and confidence
intervals for White and higher socioeconomic status are virtually identical, indicating a
high degree of overlap between the two variables. Previous studies have shown an
association between lower socioeconomic status and poor nutrition, lower autonomy,
higher levels of the stress hormone cortisol and higher rates of preventable diseases
including diabetes.!'?

While there is disagreement regarding the exact mechanism by which smoking increases
diabetes risk, there is evidence to support a link between nicotine use, decreased insulin
sensitivity and increased serum triglyceride levels.!* This study's findings of increased
risk of diabetes in regular smokers provides support for this link.

The lack of association between diabetes and physical activity was unexpected based on
the literature. It is likely that the selected variable did not accurately capture differences
in activity levels cross the comparison groups. Limitations in this and other control
variables will be discussed in the following section.
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5. Strengths and Limitations

This has several limitations. As with any observational study it is impossible to be
certain that all confounders have been adequately controlled and therefore the possibility
of bias exists.

Self-reported measures for height, weight and diabetes status, as opposed to clinician-
confirmed measurements, were used in the analysis. Furthermore, since MIDUS does not
distinguish between Type 1 and Type 2 diabetes on its survey, it is possible that some
cases of Type 1 diabetes have been misclassified. However, because of the high
prevalence of Type 2 diabetes (over 90%) relative to Type 1'!, it is reasonable to assume
that the majority of self-reported cases are Type 2.

Since exercise guidelines in the U.S are 150 minutes of moderate to vigorous activity per
week, the measurement variable for physical activity should be similarly defined. While
some modifications have been made, these guidelines have remained virtually unchanged
over the years, essentially an average of 30 minutes per day, most days of the week.'*

Despite its limitations, the use of doubly robust regression methods and a longitudinal
design, provide greater confidence in the estimate of diabetes risk based on exposure
status. This design allowed for exclusion of pre-existing cases of diabetes at Wave 1,
increasing the likelihood that diabetes reported at Wave 3 reflected incident cases.

5. Conclusion

This study found a significant association between obesity and risk of diabetes after 18
years follow up. Since obesity is typically due to overconsumption of calorie-dense foods
such as refined grains, fast foods and sugary beverages, it follows that Type 2 diabetes
may be largely preventable with dietary changes.!” Diets high in whole grains, legumes,
fruits and vegetables are associated with lower rates of obesity and are effective in
preventing, treating and reversing Type 2 diabetes.! Data from the pandemic have shown
a strong link between obesity, diabetes and poor COVID-19 outcomes. Therefore, public
health interventions for COVID-19, need to prioritize obesity prevention to effectively
reduce susceptibility to and consequences of COVID-19 infection.
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