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Objectives: Type 2 diabetes mellitus (DM-II) is highly prevalent in Saudi Arabia and only few
studies have assessed it as a risk factor for hypothyroidism. This study aimed to examine the
association between DM-II and hypothyroidism.

Subjects and methods: We conducted a hospital-based case—control study. As cases, we
included all adults admitted to King Abdulaziz University Hospital (KAUH) with laboratory-
confirmed hypothyroidism. As controls, we drew a random sample of patients admitted to the
orthopedic clinic at KAUH with laboratory-confirmed absence of hypothyroidism. We extracted
data from the medical records regarding age, sex, presence of DM-II, HbAlc, comorbidities,
treatment, and complications. We used multivariate logistic regression to identify factors associ-
ated with hypothyroidism.

Results: We included 121 cases and 121 controls. In comparison to controls, cases were older
(P=0.005), had higher prevalence of DM-II (P<0.001), had higher levels of HbAlc (P=0.03),
used insulin (P<0.001) and oral hypoglycemic drugs (P<0.001) more often, and suffered more
often from hypertension (P<0.001), coronary artery disease (CAD) (P<0.001), stroke (P=0.04),
diabetic foot (P<0.001), and nephropathy (P<0.001). According to multivariate regression, the
risk of hypothyroidism was significantly increased among patients with DM-II (OR=4.14; 95%
CI=20.20-7.80; P<0.001) and CAD (OR=14.15; 95% CI=1.80-111.43; P=0.01).

Conclusion: Patients with DM-II were at increased risk of developing hypothyroidism. Adequate
management and control of DM-II might reduce the risk of developing hypothyroidism. Further
research using a prospective cohort study design is needed to confirm these findings.

Key messages: Patients with DM-II had an increased risk of developing hypothyroidism.
Keywords: hypothyroidism, diabetes mellitus, comorbidities, complications

Introduction

Diabetes mellitus (DM) is one of the most common chronic diseases in the world,
affecting 439 million adults, and its global prevalence is predicted to be 7.7% by
2030." Saudi Arabia has one of the highest rates of diabetes globally, with an estimated
3.4 million cases in 2015. The prevalence of DM in Saudi Arabia reached 30%, with
increasing incidence rates of both type 1 and type 2 DM (DM-II).>*

Long-term complications and organ damage caused by DM-II include retinopathy,
nephropathy, neuropathy, and coronary artery disease (CAD). DM-II also has serious
acute complications, which include hypoglycemic coma and diabetic ketoacidosis, and
this imposes a high burden on the country’s health care system and the economy.**

Recent literature showed some evidence of an association between DM-II and the
risk of developing thyroid dysfunctions such as hypothyroidism, autoimmune hypo-
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thyroidism, and subclinical hypothyroidism.”'® Accordingly,
primary and subclinical hypothyroidism have been associated
with DM-IL."® A study conducted by Diez et al in Spain
found that the overall prevalence of thyroid dysfunctions
in DM-II patients was 32.4%. Another study conducted in
Jordan showed that the prevalence of thyroid dysfunctions
among DM-II patients was 12.5%, whereas a recent study
in India found that this prevalence was 31.2%.!""'* However,
these studies did not have a control group.

In spite of the high prevalence of DM-II in Saudi Arabia,
the association between DM and thyroid dysfunctions has
not been adequately studied. The aim of this study was to
investigate whether DM-II increases the risk of developing
hypothyroidism in Saudi Arabia.

Subjects and methods

We followed the STrengthening the Reporting of OBserva-
tional studies in Epidemiology (STROBE) guidelines for
reporting our study methods and results.?

Design

We conducted a hospital-based case—control study in the
Department of Medicine at King Abdulaziz University Hos-
pital (KAUH) in Jeddah, Saudi Arabia, using electronic and
paper-based patient records.

Participants

Cases were defined as patients =18 years old who were
admitted to KAUH between January 2000 and February
2016, had hypothyroidism as a discharge diagnosis, and had
laboratory results of thyroid-stimulating hormone (TSH), free
trilodothyronine (T3), and free thyroxine (T4) indicative of
hypothyroidism. All patients who fulfilled these criteria were
included as cases in the study. A similar number of controls
were randomly selected from patients >18 years old who were
admitted to the orthopedic clinic of KAUH between January
2000 and February 2016, did not have hypothyroidism as an
admission or discharge diagnosis, and had normal values of
TSH, free T3, and free T4.

Variables and data measurements

Using a standardized and pretested data extraction form, we
collected data from the electronic hospital records of cases
and controls. Then, we cross-validated these data against those
found in the paper-based patient files. We extracted data on age,
sex, hypothyroidism, DM-II, HbA Ic, insulin, oral hypoglyce-
mic agents, diabetic foot, retinopathy, nephropathy, hyperten-
sion, CAD, and stroke. We used the laboratory results of TSH,

free T3, and free T4 to validate the presence and absence of
hypothyroidism diagnosis. In order to validate our primary
exposure variable, the diagnosis of DM-II, we used labora-
tory data on serum glucose level. We classified our patients as
having diabetes or not according to the Saudi guidelines for
management of diabetes.'* Patients with fasting plasma glu-
cose of 27.0 mmol/L, 2-hour plasma glucose of 11.1 mmol/L
during an oral glucose tolerance test, random plasma glucose
of 211.1 mmol/L, or HbAlc level of 26.5% were considered
as having diabetes.

Reducing bias

To reduce selection bias, we included all laboratory-con-
firmed cases and a random sample of laboratory-confirmed
controls from the orthopedic clinic of KAUH. To reduce
confounding, we excluded, from both groups, those patients
with type 1 DM, congenital hypothyroidism, autoimmune
and Hashimoto’s thyroiditis, previous thyroid surgery or
irradiation, radioactive iodine therapy, iron infiltration due
to hemochromatosis, certain medications (thalidomide,
stavudine, amiodarone, lithium carbonate), specific chemo-
therapy (aminoglutethimide), subacute thyroiditis, lympho-
cytic thyroiditis, central hypothyroidism due to pituitary
adenoma or surgery, and hypothalamic disorder affecting
thyroid function.'*'¢ To reduce information bias, we used the
results of laboratory tests to validate our primary outcome
(hypothyroidism) and primary exposure (DM-II).

Sample size

We planned a study of independent cases and controls with
one control per case. We assumed that the probability of expo-
sure among controls is 0.2. If the true probability of exposure
among cases is 0.4, we needed to study 81 cases and 81 con-
trols to be able to reject the null hypothesis that the exposure
rates for cases and controls are equal with probability (power)
of 0.8. The type I error probability associated with this test
of the null hypothesis is 0.05. We used an uncorrected chi-
squared statistic to evaluate this null hypothesis. We decided
to increase the sample by 33% to account for incomplete data;
thus, 121 patients were included in each group.

Statistical methods

To describe our data, we used frequencies and absolute num-
bers for categorical variables and mean and SD for continuous
data. Differences between cases and controls in categorical
variables were assessed by the chi-squared test or Fisher’s
exact test, when the data were sparse. Differences between
cases and controls in continuous variables were evaluated
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by Student’s #-test for independent samples. A P-value of
<0.05 was considered significant. We used univariate logistic
regression to identify factors associated with hypothyroidism.
We constructed multivariate logistic regression models to
adjust for potential confounders for the association between
hypothyroidism and DM-II. The dependent variable was
hypothyroidism, and the independent variables were age,
sex, DM-II, HbAlc, insulin, oral hypoglycemic agents,
diabetic foot, retinopathy, nephropathy, hypertension, CAD,
and stroke. We used the backward elimination procedure to
select the covariates for the multivariate regression model.
We used SPSS version 21.0 for all statistical analyses.

Ethical considerations

This study was approved by the Biomedical Research Ethics
Unit at King Abdulaziz University. We removed all patient-
identifying variables before analysis to assure anonymization
of data. We limited access to the data to the study team and
stored the data in a computer secured with a password. Patient
informed consent to review their medical files was waived
due to the anonymization of data. Our study was conducted in
accordance with the principles of the Declaration of Helsinki.

Results

We included 121 cases with hypothyroidism and 121 con-
trols without hypothyroidism. Table 1 shows the differences
between cases and controls. In comparison to controls, cases
were significantly older (P=0.005), suffered more often from
DM-II (P<0.001), had significantly higher HbAlc levels
(P=0.03), used insulin (P<0.001) and oral hypoglycemic
agents (P<0.001) more often, and suffered more often from
nephropathy (P<0.001), hypertension (P<0.001), CAD
(P<0.001), and stroke (P=0.04). We found no significant
difference between cases and controls based on sex, diabetic
foot, and retinopathy (Table 1).

Using univariate regression, the risk of hypothyroidism
was significantly associated with DM-II (OR=6.7; 95% CI:
3.70-12.10; P<0.001), CAD (OR=37.7; 95% CI: 5.04-282;
P<0.001), and older age (OR=1.02; 95% CI: 1.01-1.04;
P=0.006) (Table 2).

Using multivariate regression, the risk of hypothyroid-
ism was significantly associated with DM-II (OR=4.14;
95% CI: 2.2-7.8; P<0.001) and CAD (OR=14.15; 95% CI:
1.80-111.43; P=0.012) (Table 3).

Discussion

Our study found a strong positive association between
hypothyroidism and DM-II, with an OR >4. We found
that DM-II was significantly more common among cases

Table | General characteristics of cases and controls (n=242)

Parameter Cases Controls P-value
Age

Mean (SD) 55.71 (16.46) 50.20 (14.09) 0.005
Median (IQR) 58 (23.25) 50 (22)

Sex, N (%)

Male 21 (47.7) 23 (52.3) 0.74
Female 101 (50.5) 99 (49.5)

DM-II, N (%)

Yes 71 (77.2) 21 (22.8) <0.001
No 51 (33.6) 101 (66.4)

HbAlc

Mean (SD) 4.33 (4.37) 3.21 (341) 0.03
Median (IQR) 5.48 (7.50) 2.25 (5.84)

Insulin, N (%)

Yes 16 (100.0) 0 (0) <0.001
No 106 (46.5) 122 (53.5)

Oral hypoglycemic

drugs, N (%) 26 (76.5) 8 (23.5) <0.001
Yes 96 (45.7) 114 (54.3)

No

Diabetic foot, N (%)

Yes 3 (100.0) 0 (0) 0.08
No 119 (49.4) 122 (50.6)

Retinopathy, N (%)

Yes 1 (100.0) 0 (0) 0.32
No 121 (49.8) 122 (50.2)

Nephropathy, N (%)

Yes 10 (100.0) 0 (0) <0.001
No 112 (47.9) 122 (52.1)

HTN, N (%)

Yes 51 (100.0) 0 (0.0) <0.001
No 71 (36.8) 122 (63.2)

CAD, N (%)

Yes 29 (96.7) 1 (3.3) <0.001
No 93 (43.5) 121 (56.5)

Stroke, N (%)

Yes 4 (100.0) 0 (0) 0.04
No 118 (49.2) 122 (50.8)

Abbreviations: CAD, coronary artery disease; DM-II, type 2 diabetes mellitus;
HTN, hypertension; IQR, interquartile range.

Table 2 Univariate logistic regression and OR results

Parameter OR (95% CI) P-value
Age 1.02 (1.01-1.04) 0.006
Sex 1.12 (0.58-2.15) 0.74
DM-II 6.70 (3.70-12.10) <0.001
HbAlc 1.08 (1.01-1.15) 0.029
Insulin 1.86 () 0.99
Oral hypoglycemic 3.86 (1.67-8.92) 0.002
drugs

HTN 2.78 (-) 0.99
CAD 37.73 (5.05-282.08) <0.001
Stroke 1.67 (-) 0.99
Diabetic foot 1.66 (-) 0.99
Retinopathy 1.63 () 1.00
Nephropathy 1.76 (-) 0.99

Note: *Cl could not be estimated due to sparse data, as at least one cell included
less than five patients.

Abbreviations: CAD, coronary artery disease; DM-II, type 2 diabetes mellitus;
HTN, hypertension.
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Table 3 Multivariate logistic regression and OR results

Parameter OR (95% CI) P-value
DM-II 4.14 (2.20-7.80) <0.001
CAD 14.15 (1.80-111.43) 0.012

Abbreviations: CAD, coronary artery disease; DM-II, type 2 diabetes mellitus.

(77.2%) than among controls (22.8%). The high prevalence
of DM-II in Saudi Arabia,® with approximately 3.4 million
affected adults, could represent a high risk for developing
hypothyroidism among the population. Hypothyroidism is a
known risk factor for CAD and is associated with increased
all-cause mortality independent of CAD risk factors.2%
DM-II patients are also at a high risk of developing CAD
and usually have more significant adverse prognosis follow-
ing CAD than patients without DM-I1.22 As shown in the
“Results” section, 31 of the diabetic patients in the cases
group had CAD compared to only one diabetic patient in
the control group. This difference was also statistically
significant with a P-value of <0.001. This could be due to
the presence of these two major risk factors for such com-
plications in the cases group, which increased the risk even
more when compared to the presence of DM-II alone in the
control group. In addition, there were elevated HbA 1¢ levels
in the cases group with a mean of 8.5 (£2.6) and a median
of 8 (2.6) when compared to the controls with a mean and
median of 8.0 (£1.7) and 7.4 (1.7), respectively. This could
be an indicator of developing such complications in diabetic
patients. Other complications including nephropathy, stroke,
diabetic foot, and retinopathy were found in approximately
25% of the cases with DM. On the other hand, none of
the diabetic patients in the control group had any of these
complications. This could imply that the coexistence of
both hypothyroidism and DM-II could alter patients’ health
conditions and metabolic control, and might also increase
their mortality. This could also decrease the quality of life
for those patients if not detected early.

Several studies found a positive association between
DM-II and hypothyroidism. However, the strength of the
association varied between the studies. Research conducted
on 221 cases with DM-II in eastern Nepal found that the
prevalence of clinical and subclinical hypothyroidism in
patients with diabetes was 4.05%.!7 Another study on 202
DM-II patients in India showed that the prevalence of
thyroid dysfunctions among diabetic patients was 31%,
ranging between 16.3% subclinical hypothyroidism, 11.4%
hypothyroidism, 2% subclinical hyperthyroidism, and 1.5%
hyperthyroidism.'* Another study showed a prevalence of
primary hypothyroidism of 11.8% in DM-II subjects.'®

Recent literature has shown an increased risk of subclinical
hypothyroidism among patients with DM-II. In a systematic
review and meta-analysis, DM-II patients were more likely to
have subclinical hypothyroidism than the healthy population
and subclinical hypothyroidism was associated with increased
diabetic complications.'’ Similarly, in our study, hypothyroid-
ism was more prevalent among patients with diabetes.

Hypothyroidism is a known risk factor for CAD and is
associated with increased all-cause mortality independent
of CAD risk factors.?*?! On the other side, DM-II patients
are at a greater risk of developing CAD and usually have
a more adverse prognosis following CAD.?? As shown in
our results, patients with CAD were at increased risk of
hypothyroidism, irrespective of whether or not they were
diabetic. This implies that the coexistence of hypothyroidism
and DM-II could increase the risk of CAD. In several stud-
ies hypothyroidism has been considered as a cardiovascular
risk factor, mainly because of its association with elevated
serum total cholesterol and low-density lipoprotein levels.
Hypercholesterolemia in hypothyroidism probably results
from reduced catabolism of lipoproteins, a phenomenon that
may be explained by a decreased expression of lipoprotein
receptors.”?* In our study we found a strong (OR=14.15)
and highly significant (P=0.012) association between hypo-
thyroidism and coronary heart disease. However, as our
case—control study was retrospective, the temporal relation-
ship between hypothyroidism and coronary heart disease
remains unclear and the risk of reverse causation could not
be excluded.

Our study had several strengths. We reduced the risk of
selection bias by including all laboratory-confirmed cases
and a random sample of laboratory-confirmed controls. We
refrained from including clinically diagnosed study partici-
pants to reduce the risk of misclassification errors. However,
our study also had several limitations. Our sample size was
limited and the distribution of the data for several variables
was skewed; none of the patients in the control group had
diabetic foot, retinopathy, nephropathy, stroke, or hyperten-
sion. Because of this limitation, we were unable to estimate
the CI for these variables. Moreover, we used electronic
and paper-based hospital records as data source. Therefore,
we were unable to adjust for further potential confounders,
like dietary iodine and family history of hypothyroidism,
for which no data were documented in the hospital records.

Conclusions and recommendations
Our study found that patients with DM-II were at increased
risk of developing hypothyroidism. Adequate management
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and control of DM-II might reduce the risk of developing

hypothyroidism. Further research using a prospective cohort

study design and a larger sample size from multiple study

centers is needed to confirm these findings.
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