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Abstract

Purpose Saskatchewan has a high prevalence of diabetes. It is the largest, rurally populated, predominantly agricultural province
in Canada. This research aims to determine the risk factors associated with the incidence and longitudinal changes in the
prevalence of diabetes among Saskatchewan’s adult rural farm and non-farm residents.

Methods The Saskatchewan Rural Health Study (SRHS) is a prospective cohort study conducted in two phases: a baseline
survey (2010, 8261 participants) and a follow-up survey (2014, 4867 participants). Generalized estimation equations and survival
analysis techniques were used to determine diabetes prevalence and incidence risk factors, respectively.

Results Incidence of diabetes among rural residents was 2.75%. Positive family history, high BMI, sleep apnea and an abnormal
Epworth Sleepiness Score (ESS) were significant predictors for diabetes incidence. A substantial increase (1.98%) of diabetes
prevalence was observed after four years of follow-up. Risk factors of diabetes prevalence were increasing age, male, low
income, positive family history, high BMI, hypertension and heart attack.

Conclusion A mix of individual and contextual factors interacting in complex pathways were responsible for the high incidence
and prevalence of diabetes among rural residents. The most original finding of that study was a positive association of sleep
apnea, and ESS with incident diabetes warrants further research to identify a causal linkage. Increased diabetes risk among rural
male insecticide users indicates an adverse consequence of unprotected chemical exposures in the agricultural field. Urgent
population-based preventive measures should initiate to slow the increasing trend of diabetes prevalence among rural residents.
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Introduction diabetes in Canada heightens every year with the increasing

prevalence of diabetes [5]. Diabetes adversely impacts not only
Diabetes is a global epidemic and imposes an enormous threatto ~ the health of an individual but also causes work limitations,
human health and the economy of a country [1, 2], Canadaisa  economic instability, diminished quality of life and life expec-
prime example [3], with one out of three Canadians suffering  tancy. Canadian adults who have diabetes are three times more
from either diabetes or prediabetes [4]. The cost of managing  likely to be admitted to the hospital due to cardiovascular
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complications compared to non-diabetic Canadians [6].
Diabetes is one of the leading causes of vision loss, strokes, heart
attacks, kidney failure and non-traumatic limb amputations [6].
Nearly 36.5% of Canadians with diabetes suffer from at least
two more other chronic diseases coexisting with diabetes [7].

Diabetes Canada states that Canada is burdened with a high
rate of individual-level modifiable risk factors (for example,
overweight/obesity, physical inactivity, and unhealthy diet)
[6, 7], which were the major contributing factors for the high
prevalence of diabetes in Canada. Indigenous populations are
at high risk of developing diabetes, and the prevalence of
diabetes is three to five times greater in First Nations popula-
tions than that found in the general population [8]. Accessing
health care is more challenging for the rural diabetic popula-
tion than the urban diabetic residents [6]; hence, rural
Canadian populations are more vulnerable to developing
diabetes-related complications.

Compared to the national average rural population (18.9%)
[9], Saskatchewan is one of the highest rurally populated prov-
inces (33%) [9]. The overall prevalence of diagnosed diabetes
cases in Saskatchewan is 9% (106,000 diagnosed cases in 2020)
[10]. In Saskatchewan, non-Indigenous males have a higher
prevalence of diabetes as compared to non-Indigenous females
[10], which is mirrored by the national male-female ratio of
diabetes prevalence (8.4% in men and 6.3% in female) [11].
According to Diabetes Canada, Saskatchewan is facing an enor-
mous challenge as it tries to meet the healthcare needs of people
with diabetes [10]. Hence, knowledge about diabetes-related
risk factors among rural residents is essential. Although some
studies have been conducted to identify the predictors of the
prevalence of diabetes among rural populations in Canada
[12], most of them were based on cross-sectional studies
[12—15]. Also, information regarding risk factors associated with
the incidence of diabetes was limited across rural Canada.
Therefore, the purpose of this study was to use the
Saskatchewan rural health study (SRHS) longitudinal dataset
to conduct an extensive analysis to assess the predictors associ-
ated with incidence and longitudinal changes in the prevalence
of diabetes among rural residents in Saskatchewan, Canada.

By conducting this study, we aimed to identify the cumu-
lative incidence of diabetes in rural residents. Additionally, the
impact of unique agriculture-related risk factors on diabetes
incidence was assessed after adjusting for known diabetes risk
factors. We also determined the prevalence of diabetes among
rural residents to find out if there were any significant changes
in the prevalence of diabetes over time. Moreover, this paper
provided information regarding unique risk factors of diabetes
prevalence associated with rural farming practices. While
identifying the prevalence of diabetes helped us to understand
the burden of diabetes among rural residents, the incidence of
diabetes helped us to understand the role of associated risk
factors for developing new diabetes cases among rural
residents.
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Methods
Study design and population

The Saskatchewan Rural Health Study (SRHS) was a pro-
spective cohort study conducted to identify the respiratory
health-related problems primarily among the rural population
of Saskatchewan. However, a wide range of information was
also collected on non-respiratory chronic conditions, includ-
ing diabetes. The SRHS consisted of a baseline survey con-
ducted in 2010, with a follow-up survey in 2014. The details
of the study design were given elsewhere [16, 17].

In brief, the study participants were initially selected from
39 of the 297 rural municipalities (RMs) and 16 of the 145
small towns of Saskatchewan. RMs and small towns were
selected randomly from southeast, southwest, northeast, and
northwest quadrants of the province. On behalf of the resi-
dents, the local councils for 32 (89%) out of 36 RMs and 15
(94%) out of 16 small towns gave their consent to participate
in the study and provided a mailing address. Completed ques-
tionnaires were collected from 4624 households (8261 indi-
viduals, 4064 male and 4194 female) at baseline and at fol-
low-up, 2797 households (4867 participants, 2364 male and
2502 female) by using mail-out survey methods. One hundred
twenty-six new individuals were included in the follow-ups,
who did not participate in the baseline survey. For the inci-
dence study, we only considered respondents who participated
in both baseline and follow-up (4741). Additionally, we re-
moved the 411 participants who had diabetes at baseline.
After four years of follow-up, 119 participants developed
new diabetes cases among 4330 study participants and con-
sidered the incidence part of the study.

The data were collected from the rural Saskatchewan farm
and small-town dwellers through a mailed out self-administered
household and individual questionnaire to assess individual and
contextual factors. To recruit study participants and maximize
the response rate, researchers used the Dillman method, with all
prospective participants receive a series of mail [16, 18].

Theoretical framework

Health Canada’s “Population Health Framework (PHF)” was
the conceptual guide of the SRHS. A modified version of the
PHF has been used for this study [16, 17]. Briefly, the deter-
minants of health were influenced at two levels; the first level
includes individual factors, and the second level includes con-
textual factors. SRHS simultancously evaluated individual
and contextual factors associated with the health of the rural
residents of Saskatchewan. Covariates included factors such
as age, sex, marital status, family structure, health status and
co-morbidities. We adjusted all analyses for known con-
founders. Details about the theoretical framework were listed
in Appendix.
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Variables
Primary health outcome

The primary outcome of interest for this paper was a physi-
cian, or primary caregiver diagnosed, self-reported diabetes
status, which was captured from the SRHS baseline and
follow-up survey questionnaires based on the question: “Has
a doctor or primary caregiver ever said you have diabetes.”
For both prevalence and incidence part of the study, our out-
come variable of interest was the same “diabetes.” However,
we had to re-define the “diabetes” outcome variable separately
for prevalence and incidence study.

Prevalence: All the participants (eighteen years or older)
from both baseline (8261) and follow-up (4867) participated
in this study. At baseline, 759 participants had diabetes, and at
follow-up, 540 participants had diabetes.

Incidence: For the incidence study, we only considered
respondents who participated in both baseline and follow-up
(4741 participants). Additionally, we removed the 411 partic-
ipants who had diabetes at baseline. After four years of fol-
low-up, 119 participants developed new cases of diabetes
among 4330 study participants and considered for the inci-
dence part of the study.

Contextual factors, individual factors and covariate

Contextual factors considered for this study were partici-
pant’s locations of residence, living quadrants, income
adequacy, and household smoking. Family history of di-
abetes, behavioural risk factors, screen time, and partici-
pant’s education level considered as individual factors.
Additionally, agricultural occupation-related exposure,
such as pesticides, herbicides, fungicides, and insecti-
cides, also acted as individual factors. Participants’ age,
sex, marital status, general health, and co-morbidities
were considered covariates.

Contextual factors

The contextual factors for our study were; (i) rural locations —
participants residence either farm or non-farm location, (ii)
quadrant- Location of the residents categorized into South
West, South East, North East, and North West regions, (iii)
income adequacy: This variable was created based on house-
hold income and categorized into > = $60,000 (reference cat-
egory), $40,000 to $59,999, $20,000 to $39,999 and
<$20,000, and (iv) household smoking: was based on
smoking (cigarettes, cigars or pipes) habit of the respondents
inside the home. It was a dichotomous variable and catego-
rized into no (reference category) and yes.

Individual factors

The individual factors for our study were; (i) family history: a
positive family history of diabetes (father, mother, brother/sis-
ter), (ii) lifestyle or behaviour-related factors included smoking,
alcohol use, body mass index, diet, exercise duration and screen
time. Smoking was categorized into never smoker (reference
category), ex-smoker and current smoker. Body mass index
was categorized into normal (BMI <25 kg/mz) (reference cat-
egory), overweight (BMI 25-30 kg/m?) and obese (BMI
>30 kg/m?). There were five categories of exercise duration:
no exercise (reference category), less than 15 min, 15-30 min,
31-60 min, and more than 60 min per day, (iii) information on
agricultural occupational exposures included pesticides, herbi-
cides, fungicides, insecticides, and livestock. For every
agriculture-related exposure, “no use” acted as a reference cat-
egory, (iv) education level: Participant’s level of education was
classified into less than high school (reference category), com-
pleted high school, completed university, and completed post-
secondary education other than above.

Covariates

The covariates for our study were; (i) Age: Age of the respon-
dents were classified into 18-45 years (reference category),
46-55 years, 56-65 years, and > 65 years, (ii) sex: Sex of the
participants was categorized into a female (reference category)
and male, (iii) marital status: Respondent’s marital status was
classified into married/common-law/living together (reference
category) and widowed/divorced/separated/single, never mar-
ried, (iv) Co-morbidities related to diabetes, included cardio-
vascular diseases (stroke, blood pressure, heart attack and
heart disease), respiratory diseases (tuberculosis, asthma,
COPD, emphysema, and chronic bronchitis), others (cancer),
(v) Variables related to sleep health: Snoring during sleep,
Epworth Sleepiness Score: to assess the daytime sleepiness
of the participants, we used the Epworth Sleepiness Score
scale. This scale helps to diagnose sleep apnea clinically,
(vi) self-perceived general health: participant’s perception of
physical health based on their past medical history.

Statistical analysis

We used Stata 15 software for conducting all statistical anal-
yses [19]. We calculated the frequencies of all individual,
contextual and covariates at both baseline and follow-up.
After that, we identified the crude prevalence of diabetes
among rural residents in both baseline and follow-up separate-
ly. Additionally, we used Chi-square tests to determine the
association of diabetes prevalence and each predictor at base-
line and follow-up separately. In this step, we identified if
there is any change in prevalence from baseline to follow-up.
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To identify the longitudinal patterns in the prevalence and
associated risk factors of diabetes over four years of the
follow-up period, we considered complete data at baseline and
the follow-up and restructured them into a single long file for-
mat. A series of bivariate unadjusted logistic regression analyses
were conducted to determine the association of diabetes preva-
lence with each potential risk factor. Variables with a P value
<0.20 were considered candidates for the multivariable model.

For further analysis, we used a multivariable logistic re-
gression model, which was based on the generalized estima-
tion equations (GEE) was used to identify the effects of both
contextual and individual factors after adjustment for covari-
ates of interest. All predictors significant with a p value <0.05
and those of scientific/clinical/biologic importance were
retained in the final multivariable model. The clustering ef-
fects of more than one individual within a household were
adjusted by GEE [12, 20]. We used the logit link function
and exchangeable correlation structure for GEE analysis
[20]. Associations between significant variables (both contex-
tual and individual) and diabetes prevalence were presented
by odds ratios (OR) and their 95% confidence intervals (CI).
To account for clustering due to repeated observation, we used
the jackknife variance estimate to obtain 95% CI. To identify
the parsimonious GEE model and the best working correlation
structure, quasi-likelihood under the independence model cri-
terion (QIC) [21] goodness of fit statistics were applied.

Survival analysis techniques were used to determine the risk
factors for the incidence of diabetes. We considered the base-
line survey as the time of origin and used a follow-up survey
for incident cases. During the follow-up survey, non-diabetic
participants were considered as censored cases. Variables from
the baseline survey were considered for Cox’s proportional
hazards model. After bivariate analysis, variables with a P
value <0.20 were considered for Cox’s proportional hazards
model. After adjusting for all the predictors in multivariate
Cox’s proportional hazards model, only variables with P value
<0.05 were considered significant. The strength of the associ-
ation between significant variables and diabetes incidence was
demonstrated by hazard ratios (HR) and their 95% confidence
intervals (CI). We included time-dependent covariates in the
model for checking proportionality, which is considered as one
of the primary assumptions of the Cox proportional hazard
model [22]. Furthermore, to assess the goodness of fit of the
final model, we used the Cox-Snell residuals and Nelson-
Aalen cumulative hazard function [23].

Results
Prevalence of diabetes

Table 1 showed the study participant’s characteristics — adults
18 years and older who participated at baseline (2010) and
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follow-up (2014) surveys. The crude prevalence of diabetes
which was 9.31% (farm: 7.13% and non-farm:10.94%) at
baseline and 11.29% (farm: 8.64% and non-farm:13.33%) at
follow-up. Table 1 also highlighted that among four geo-
graphical locations, non-farm residents of the Northeast re-
gion showed the highest prevalence of diabetes in both base-
lines (13.35%) and follow-up (15.38%). Furthermore, obese
non-farm males were at the highest risk of developing diabetes
in both baselines (18.42%) and follow-up (18.51%) (data not
shown).

Figure 1 showed that, a significant difference in the preva-
lence of diabetes between farm and non-farm residents irre-
spective of geographical location, with non-farm residents
showing the highest prevalence. We observed a significant
increase in diabetes prevalence in all four quadrants of
Saskatchewan from baseline to follow-up.

Table 2 showed the unadjusted relationships between the
individual, contextual factors, covariates and diabetes preva-
lence. In both baseline and follow-up surveys, non-farm resi-
dents (10.94% and 13.33% respectively) had a higher preva-
lence of diabetes compared to farm residents (7.13% and
8.64%). More people living at home (>2 people) reduced the
prevalence of diabetes (5.15% at baseline and 5.71% at fol-
low-up).

From Table 2 we also found that, the prevalence of diabetes
significantly associated with known diabetes risk factors such
as male sex (10.43% and 13.16%); widowed/divorced/sepa-
rate/single (9.87% and 14.31%); less than high school educa-
tional attainment (14.55% and 18.79%); and low income
(<$20,000) adequacy (17.15% and 20.07%) in both baseline
and follow-up. The participants’ ages showed a dose-response
relationship, and with an increase in age, diabetes prevalence
significantly increased. Strong evidence of high diabetes prev-
alence was found among participants who were exposed to
different chemical components used in the agricultural field
when compared to non exposed participants. The prevalence
of diabetes was higher among insecticide users (8.48% at
baseline and 9.9% at follow-up); fungicide users (10.29%
baseline and 13.37% follow-up; and herbicide users (9.72%
baseline and 11.83% follow-up) compared to non-users. On
univariate analysis, we found that common risk factors such as
increasing age, male sex, low income, positive family history
and behavioural and lifestyle risk factors (higher BMI and
smoking) were significantly associated with higher diabetes
prevalence. Farm residence, residents of the northwest quad-
rant, a higher number of residents living in the home, and over
fifteen minutes of exercise per day act were associated with a
lower prevalence of diabetes. Alcohol consumption acted as a
protective factor.

In Table 3, we also observed that physician-diagnosed car-
diovascular co-morbidities such as stroke, blood pressure,
heart attack and heart disease are strongly associated with
higher diabetes prevalence. Diagnosed cancer cases and
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Table 1 Study population characteristics — adults 18 years and older who participated at baseline (2010) and follow-up (2014) surveys
Parameters Baseline Follow-up
Farm Non-farm Farm Non-farm
Eligible household (based on household address) 11,004 4454
Response rate (Based on household address), n (%) 4624 (42.0%) 2797 (62.6%)
Baseline, n =4624
Follow-up, n =2797
Participating adults 3445 4761 2096 2748
Baseline, n = 8206
Follow-up, n =4844
Male 1792/4036 (44.40%)  2244/4036 (55.60%)  1079/2352 (45.88%)  1273/2352 (54.12%)
Female 1653/4170 (39.64%)  2517/4170 (60.36%)  1017/2492 (40.81%)  1475/2492 (59.19%)
Self-reported diabetes (Total) 243/3406 (7.13%) 514/4698 (10.94%) 178/2060 (8.64%) 360/2700 (13.33%)
Baseline: 759/8154 (9.31%)
Follow-up: 540/4782 (11.29%)
Quadrant
Diabetes, Yes/Total (%)
South west 37/547 (6.76%) 97/969 (10.01%) 32/311 (10.29%) 72/521 (13.81%)
South east 42/693 (6.06%) 116/1057 (10.97%) 30/405 (7.41%) 86/585 (14.70)
North east 102/1177 (8.67%) 157/1176 (13.35%) 64/693 (9.23%) 104/676 (15.38%)
North west 62/989 (6.27%) 144/1492 (9.65%) 47/602 (7.81%) 93/847 (10.98%)
Northeast Northwest
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Table 2  Univariate analysis of the association between risk factor (contextual and individual factors, and covariates) and diabetes

Diabetes

Baseline Follow-up

Yes/Total (%) Yes/Total (%) OR nagj (95% CI)
Quadrant
South West 134/1522 (8.80%) 105/837 (12.54%) 1.00 (ref)
South East 159/1756 (9.01%) 116/996 (11.65%) 1.03 (0.81-1.30)
North East 260/2368 (10.98%) 169/1377 (12.27%) 1.28 (1.03-1.59)
North West 206/2495 (8.26%) 140/1451 (9.65%) 0.93 (0.74-1.17)
Location of home
Non-farm 514/4694 (10.94%) 360/2700 (13.33%) 1.00 (ref)
Farm 243/3406 (7.13%) 178/2060 (8.64%) 0.62 (0.55-0.71)
Family structure
# of people
=<2 people 635/5740 (11.06%) 473/ 3756(12.59%) 1.00 (ref)
> 2 people 124/2410 (5.15%) 56/981 (5.71%) 0.42 (0.36-0.49)
Age of the participants
1845 years 50/1932 (2.59%) 17/642 (2.56%) 1.00 (ref)
46-55 years 137/2036 (6.73%) 67/968 (6.92%) 2.73 (2.06-3.61)
56-65 years 214/1932 (11.08%) 137/1813 (10.08%) 447 (3.42-5.83)
>65 years 3,582,251 (15.9%) 319/1813 (17.6%) 7.48 (5.79-9.66)
Sex
Female 341/4146 (8.22%) 235/2464 (9.54%) 1.00 (ref)
Male 418/4006 (10.43%) 305/2317 (13.16%) 1.35 (1.21-1.52)

Marital status

Married/Common law/living together
Widowed/Divorced/separated/Single, never married
Education level

Less than high school

Completed high school

Completed university

Completed post-secondary education other than above
Income adequacy

>=$60,000

$40,000 to $59,999

$20,000 to $39,999

<$20,000

Exposure

Insecticide

No

Yes

Pesticide

No

Yes

Fungicide

No

Yes

Herbicide

No

Yes

614/6716 (9.14)
139/1409 (9.87)

301/2096 (14.55%)
240/2788 (8.61%)
49/935 (5.24%)
158/2268 (6.97%)

212/3457 (6.13%)
154/1492 (10.32%)
183/1392 (13.15%)
107/624 (17.15%)

374/4410 (8.48%)

356/3601 (9.89%)

585/6354 (9.21%)
166/1702 (9.75%)

460/5388 (8.54%)
270/2623 (10.29%)

336/3957 (8.49%)
394/ 4054 (9.72%)

435/4050 (10.74%)
103/720 (14.31%)

208/1107 (18.79)
157/1584 (9.91%)
49/611 (8.02%)

119/1414 (8.42%)

170/2247 (7.57%)
108/830 (13.01%)
120/724 (16.57%)
56/279 (20.07%)

219/2213 (9.9%)

299/2429 (12.31%)

433/3748 (11.55%)
95/965 (9.84%)

266/2763 (9.63%)
247/1847 (13.37%)

200/1951 (10.25%)
318/2689 (11.83%)

1.00 (ref)
1.19 (1.02-1.38)

1.00 (ref)

0.52 (0.45-0.60)
0.35 (0.28-0.44)
0.42 (0.37-0.51)

1.00 (ref)

1.77 (1.50-2.09)
2.33 (1.98-2.73)
3.07 (2.52-3.74)

1.00 (ref)

1.24 (1.10-1.39)

1.00 (ref)
0.97 (0.84-1.12)

1.00 (ref)
1.34 (1.19-1.51)

1.00 (ref)
1.18 (1.05-1.33)
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Table 2 (continued)

Diabetes

Baseline Follow-up

Yes/Total (%) Yes/Total (%) ORpagj (95% CI)
Livestock
No 327/3900 (8.38%) 193/1879 (10.27%) 1.00 (ref)
Yes 403/4111 (9.80%) 327/2776 (11.78%) 1.21 (1.07-1.35)
Household smoke
No 638/6887 (9.26%) 489/4290 (11.4%) 1.00 (ref)
Yes 118/1226 (9.62%) 51/492 (10.37%) 0.97 (0.82-1.15)
Family history
Dad diabetic
No 464/6269 (7.40%) 248/2929 (8.47%) 1.00 (ref)
Yes 187/1153 (16.22%) 149/792 (18.81%) 2.49 (2.16-2.86)
Mom diabetic
No 433/6386 (6.78%) 252/3040 (8.29%) 1.00 (ref)
Yes 238/1164 (20.45%) 185/817 (22.64%) 3.46 (3.03-3.96)
Siblings diabetic
No 349/5827 (5.99%) 188/2620 (7.18%) 1.00 (ref)
Yes 242/1063 (22.77%) 214/876 (24.43%) 4.52 (3.955.19)
Behavioural risk & protective factor
BMI
Normal (BMI < 25) 103/2318 (4.44%) 75/1349 (5.56%) 1.00 (ref)
Overweight (BMI 25-30) 236/3160 (7.47%) 163/1860 (8.76%) 1.69 (1.41-2.03)
Obese (BMI >30) 371/2268 (16.36%) 259/1324 (19.56%) 4.12 (3.50-4.96)
Exercise duration/session
None 372/3381 (11.0%) 286/2152 (13.29%) 1.00 (ref)

Less than 15 min
15-30 min

31-60 min

More than 60 min
Smoking

Never Smoker
Ex-smoker

Current smoker

Screen time/ past three months
None

Less than 1 h
From1to2 h
From3to5h

From 6to 10 h

From 11to 14 h

From 15t020 h

More than 20 h
Alcohol consumption / 12 month
Never

Less than once a month
Once a month

2 to 3 times a month

Once a week

63/449 (14.03%)
196/2123 (9.23%)
75/1403 (5.35%)
25/468 (5.34%)

306/4283 (7.14%)
363/2890 (12.56%)
85/951 (8.94%)

10/150 (6.67%)
23/188 (12.23%)
62/734 (8.45%)
171/1784 (9.59%)
135/1749 (7.72%)
85/1132 (7.51%)
105/1168 (8.99%)
164/1204 (13.62%)

209/1451 (14.4%)
207/1717 (12.06%)
72/737 (9.77%)
97/1463 (6.75%)
57/909 (6.27%)

47/324 (14.51%)
126/1181 (10.67%)
41/727 (5.64%)
14/177 (7.91%)

231/2508 (9.21%)
259/1818 (14.25%)
45/436 (10.32%)

6/113 (5.31%)
16/123 (13.01%)
42/433 (9.70%)
126/1050 (12.0%)
94/1057 (8.89%)
64/628 (10.19%)
70/657 (10.65%)
119/675 (17.63%)

130/826 (15.74%)
139/971 (14.32%)
49/394 (12.44%)
91/833 (10.92%)
31/494 (6.28%)

1.22 (0.99-1.53)
0.8 (0.69-0.92)

0.43 (0.34-0.52)
0.48 (0.34-0.67)

1.00 (ref)
1.77 (1.57-2.01)
1.2 (0.98-1.47)

1.00 (ref)

2.21 (1.20-4.06)
1.51 (0.88-2.6)
1.81 (1.07-3.04)
1.37 (0.81-2.31)
1.43 (0.84-2.43)
1.64 (0.96-2.78)
2.74 (1.62-4.61)

1.00 (ref)

0.84 (0.72-0.99)
0.68 (0.55-0.85)
0.52 (0.43-0.62)
0.38 (0.29-0.49)
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Table 2 (continued)

Diabetes

Baseline
Yes/Total (%)

Follow-up
Yes/Total (%)

OR o (95% CI)

2 to 3 times a week
4 to 6 times a week
Every day

44/1031 (4.27%)
41/538 (7.62%)
32/317 (10.09%)

49/645 (7.6%)
26/373 (6.97%)
22/233 (9.44%)

0.34 (0.26-0.43)
0.45 (0.34-0.59)
0.62 (0.46-0.84)

**Significant at the P value < 0.20 (marked as bold)

respiratory co-morbidities such as tuberculosis, asthma,
COPD, emphysema, and chronic bronchitis were relatively
less strongly associated with diabetes than cardiovascular
co-morbidities in univariate analysis.

Table 3 also demonstrated that having sleep apnea, snoring
problems, and an abnormal Epworth Sleepiness Score (ESS)
demonstrated a significant association with higher diabetes
prevalence. After univariate analysis, from Tables 2 and 3,
we found that most of the variables remained significant ex-
cept pesticide use, household smoking, and emphysema (in all
cases, p value > was 0.20). Therefore, we considered all var-
iables except pesticide use, household smoking, and emphy-
sema for the multivariate model.

Table 4 demonstrates the findings of the marginal logistic
regression models based on GEE analysis. Most of the vari-
ables become non-significant after adjusting for all other var-
iables in the multivariate model.

However, the variables that remained statistically signifi-
cant in the multivariate model (Table 4) were: older age (56—
65 year, Odds ratio (OR) 1.71, 95% confidence interval (CI)
[1.13-2.60], >65 year, OR 2.17, CI [1.38-3.43]), lower-
income <$20,000 (OR 1.51, CI[1.01-2.27]), a positive family
history (dad diabetic, OR 2.21, CI [1.72-2.83], mom diabetic,
OR 2.34, CI [1.82-3.01], siblings diabetic, OR 2.46, CI
[1.94-3.12]), obesity, (OR 1.89, CI[1.38-2.59]), and comor-
bidities, such as high blood pressure, (OR 2.57, CI [2.05—
3.23]), and heart attack (OR 1.75, CI [1.15-2.69]). Farm res-
idence (OR 0.68, CI [0.52-0.86]) and alcohol consumption
were associated with decreased odds of diabetes. A significant
interaction was observed between the sex of the rural partici-
pant and smoking (P value <0.05). We observed another sig-
nificant interaction between the sex of the rural participant and
insecticide use for diabetes prevalence (P value <0.05).

Figure 2 showed the interaction between the sex of the rural
residents and insecticide use in both additive scale and multi-
plicative scale. In both scales, logit lines were not parallel; P
value was <0.05 and no overlapping between male and female
insecticide users, which indicates a significant interaction be-
tween sex of the rural residents and insecticide use. Male
insecticide users had a higher probability of developing dia-
betes compared to non-insecticide users.

@ Springer

Figure 3 showed the interaction between the sex of the rural
residents and smoking status in both additive scale and multi-
plicative scale. In both scales, logit lines were not parallel; P
value was <0.05 and no overlapping between male and female
ex-smokers, which indicates a significant interaction between
sex of the rural residents and smoking status. Male ex-
smokers had a higher probability of developing diabetes com-
pared to non-smokers.

Incidence of diabetes

The cumulative incidence of diabetes among rural residents of
Saskatchewan was 2.75% from 2010 to 2014 (119 new cases).
Results of unadjusted and adjusted hazard ratios based on
Cox’s proportional hazards model are shown in Table 5.
After conducting univariate analysis, we found that the signif-
icant variables associated with diabetes incidence were more
than two people living in the house, an increase in age, the
male sex, and low income. Among agricultural-related expo-
sures, the factors found to significantly affect the incidence of
diabetes were the use of insecticides, pesticides, fungicides
and herbicides. Other statistically significant variables were
a positive family history of diabetes and being overweight or
obese. Additionally, comorbid conditions such as cardiovas-
cular conditions (heart disease, heart attack, high blood pres-
sure), respiratory conditions (chronic bronchitis, emphysema,
asthma, COPD), and other conditions (cancer, sleep apnea)
were significant in univariate analysis. Furthermore,
Epworth Sleepiness Score, snoring, and general health status
showed a positive association with diabetes incidence among
the rural residents of Saskatchewan.

Table 5 also represented that, non-significant variables such
as residence type, marital status, smoking, household smoking,
and stroke were not considered for the multivariable model as
their P value was >0.20. After adjusting for all other variables,
the factors that remained significant for diabetes incidence
among rural residents were: a positive family history (diabetic
father HR 2.16, CI [1.09-4.27], and sibling’s diabetic HR 1.97,
CI [1.04-3.75]), obesity (HR 7.06, CI [2.02-24.65]), and a di-
agnosis of sleep apnea (HR 2.24, CI [1.04-4.84)]). All agricul-
ture related exposure became non-significant after conducting a
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Table 3  Univariate Analysis of the association between comorbidities and Diabetes among adult rural residents

Diabetes

Baseline Follow-up

Yes/Total (%) Yes/Total (%) ORaqj (95% CI)
Comorbidity
Cardiovascular
Heart disease
No 606/7470 (8.11%) 408/4288 (9.51%) 1.00 (ref)
Yes 138/606 (22.77%) 131/493 (26.57%) 3.43 (2.95-3.99)
Heart attack
No 673/7782 (8.65%) 467/4504 (10.37%) 1.00 (ref)
Yes 80/345 (23.19%) 72/277 (25.99%) 3.16 (2.61-3.83)
High blood pressure
No 239/5387 (4.44%) 128/2807 (4.56%) 1.00 (ref)
Yes 516/2725 (18.94%) 412/1975 (20.86%) 5.25 (4.62-5.96)
Stroke
No 704/7953 (8.85%) 499/4643 (10.75%) 1.00 (ref)
Yes 49/181 (27.07%) 40/138 (28.99%) 3.66 (2.84-4.71)
Respiratory
Chronic bronchitis
No 699/7797 (8.96%) 496/4487 (11.05%) 1.00 (ref)
Yes 24/167 (14.37%) 11/85 (12.94%) 1.49 (1.04-2.15)
Emphysema
No 718/7872 (9.12%) 500/4523 (11.0%) 1.00 (ref)
Yes 5/94 (5.32%) 7/54 (12.96%) 0.81 (0.44-1.47)
Asthma
No 674/7365 (9.15%) 463/4252 (10.89%) 1.00 (ref)
Yes 85/789 (10.77%) 77/530 (14.53%) 1.29 (1.08-1.53)
COPD
No 685/7761 (8.83%) 490/4461 (10.98%) 1.00 (ref)
Yes 38/203 (18.72%) 17/115 (14.78%) 1.97 (1.46-2.64)
Cancer
No 671/7465 (8.99%) 457/4218 (10.83%) 1.00 (ref)
Yes 84/670 (12.54%) 82/563 (14.56%) 1.46 (1.22-1.73)
Sleep apnea
No 654/7594 (8.64%) 446/4371 (10.20%) 1.00 (ref)
Yes 85/481 (17.67%) 93/410 (22.68%) 2.46 (2.06-2.93)
Others
Snore
No 124/2313 (5.36%) 124/1507 (8.23%) 1.00 (ref)
Yes 542/5112 (10.60%) 349/2780 (12.55%) 1.83 (1.58-2.12)
Epworth Sleepiness Score
Normal 532/6348 (8.38%) 347/3619 (9.59%) 1.00 (ref)
Abnormal 143/1195 (11.97%) 111/669 (16.59%) 1.63 (1.4-1.89)
General health
Excellent 7/725 (0.97%) 6/362 (1.66%) 1.00 (ref)
Very good 96/2869 (3.35%) 86/1570 (5.48%) 3.53 (2.01-6.22)
Good 362/3296 (10.98%) 275/2119 (12.98%) 11.01 (6.33-19.15)
Fair 236/1036 (22.78%) 144/613 (23.49%) 24.74 (14.15-43.26)
Poor 52/184 (28.26%) 26/102 (25.49%) 30.98 (16.91-56.77)
**Significant at the P value < 0.20 (marked as bold)
multivariable analysis. However, higher education (HR 0.48, CI Discussion
[0.24-0.98]) remained a protective factor for diabetes incidence.
Furthermore, we observed a significant interaction between the Prevalence

sex and age of the residents (P values <0.05) for diabetes inci-
dence. Male more than forty-five years old were at high risk of
developing diabetes.

This longitudinal epidemiological study determined the risk
factors associated with the incidence and prevalence of
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Table 4 Multivariable logistic
regression analysis of the
dependency of the prevalence of
diabetes on contextual factors,
individual factors, and covariates

3 (SE(B) ) ORqq; (95% CI)
Residence type
Non-farm — 1.00 (ref)
Farm —0.39 (0.12) 0.68 (0.52-0.86)
Age of the participants
1845 years 1.00 (ref)
46-55 years 0.32 (0.20) 1.37 (0.93-2.01)
5665 years 0.54 (0.21) 1.71 (1.13-2.60)
>65 years 0.78 (0.23) 2.17 (1.38-3.43)
Sex
Female 1.00 (ref)
Male 0.43 (0.14) 1.54 (1.18-2.02)
Income adequacy
>=$60,000 1.00 (ref)
$40,000 to $59,999 0.15(0.12) 1.16 (0.92-1.47)
$20,000 to $39,999 0.13 (0.14) 1.14 (0.87-1.50)
<$20,000 0.41 (0.21) 1.51 (1.01-2.27)
Exposure
Insecticide
No 1.00 (ref)
Yes —0.07 (0.16) 0.93 (0.69-1.27)
Family History
Dad diabetic
No 1.00 (ref)
Yes 0.79 (0.13) 2.21 (1.72-2.83)
Mom diabetic
Yes 1.00 (ref)
No 0.85(0.13) 2.34 (1.82-3.01)
Siblings diabetic
Yes 1.00 (ref)
No 0.90 (0.12) 2.46 (1.94-3.12)
Behavioural Risk & Protective Factor
BMI
Normal (BMI < 25) 1.00 (ref)
Overweight (BMI 25-30) 0.15 (0.16) 1.16(0.85-1.58)
Obese (BMI >30) 0.64 (0.16) 1.89 (1.38-2.59)
Smoking
Current smoker 1.00 (ref)
Ex-smoker 0.17 (0.12) 1.18 (0.93-1.51)
Never Smoker 0.26 (0.19) 1.30 (0.90-1.88)
Alcohol consumption/ 12 month
Never 1.00 (ref)
Less than once a month —0.06 (0.15) 0.94 (0.70-1.28)
Once a month 0.05 (0.19) 1.05 (0.72-1.52)
2 to 3 times a month —0.45 (0.17) 0.64 (0.46-0.89)
Once a week —0.59 (0.20) 0.56 (0.37-0.83)
2 to 3 times a week —0.73 (0.20) 0.48 (0.32-0.72)
4 to 6 times a week —0.66 (0.23) 0.51(0.33-0.81)
Every day —0.56 (0.26) 0.57 (0.34-0.96)
Comorbidity
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Table 4 (continued)

B (SE(B) ) OR.q; (95% CI)
Cardiovascular
Heart attack
No 1.00 (ref)
Yes 0.56 (0.22) 1.75 (1.15-2.69)
High blood pressure
No 1.00 (ref)
Yes 0.95 (0.12) 2.57 (2.05-3.23)
General health
Excellent 1.00 (ref)
Very good 1.03 (0.40) 2.81 (1.29-6.14)
Good 1.77 (0.40) 5.91 (2.70-12.93)
Fair 2.27(0.41) 9.68 (4.33-21.65)
Poor 2.28 (0.47) 9.74 (3.09-24.31)
Interaction
Sex X Smoking
Male # Ex-smoker 0.63 (0.22) 1.89 (1.22-2.90)
Male # Current smoker 0.40 (0.33) 1.48(0.78-2.84)
Sex X Insecticide
Male # Insecticide user 0.43 (0.21) 1.53 (1.02-2.29)

**Significant at the P value <0.05 (marked as bold)

diabetes among adult self-declared Caucasian rural residents
of Saskatchewan from 2010 to 2014. Most of the participants
who reported doctor-diagnosed diabetes were: North East
quadrant residents, male, older than 55 years, in the low-
income category, and with education less than high school.
There was a 1.98% increase in the prevalence of diabetes from
baseline to follow-up. Non-farm residents had a higher prev-
alence of diabetes compared to farm. Significant risk factors
for diabetes prevalence were an increase in age, male sex, low
income, positive family history, and high BMI. Additionally,
co-morbidities such as blood pressure and heart attack were
also associated with high diabetes prevalence among rural
residents. Furthermore, we found that factors significantly as-
sociated with the incidence of diabetes were positive family
history, high BMI, abnormal Epworth Sleepiness Score and

sleep apnea. However, all agricultural-related exposures failed
to show any significant association with the incidence of dia-
betes among rural residents.

The prevalence of diabetes increased in all quadrants at
follow-up, and it is evident that after four years of follow-up,
the southwest region had the highest increase (3.80%) in dia-
betes prevalence. Male rural residents had a higher prevalence
of diabetes than females, which was aligned with other study
findings [10, 12]. Our results also aligned with the national
[11] and global [24] male to female ratio of diabetes preva-
lence. However, according to a recent publication, women
with diabetes are at a higher risk of developing cardiovascular
complications than men [25].

This study demonstrates that non-farm residents had a
higher prevalence of diabetes when compared to farm

Fig. 2 Interaction between the
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Fig. 3 Interaction between the
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residents. Non-farm residents experienced a substantial rise in
diabetes prevalence (10.94% at baseline to 13.33% at follow-
up) after four years of follow-up, which is remarkably higher
than the overall provincial prevalence (9%) of diabetes [10]. A
previous study hypothesized multiple reasons behind the
higher prevalence of diabetes among non-farm residents of a
rural agricultural zone [12]. One reason could be an influx of
farm residents into small towns, either due to retirement or
pre-existing health conditions such as diabetes [12]. Authors
also believed that, even with advanced automation in agricul-
tural procedures, farmers still have to work outside and are
more active than non-farmers [12].

According to the Diabetes Canada Clinical Practice
Guidelines (2018), moderate to elevated physical activity
can significantly reduce blood glucose levels, decrease blood
cholesterol levels, and diminish insulin resistance in people
with diabetes, which was consistent with our study findings
[26]. Our study showed that moderate to elevated exercise is a
protective factor and might reduce the prevalence of diabetes
among rural residents of Saskatchewan. A recent study pub-
lished by European Society of Cardiology claims that physical
activity can significantly reduce diabetes-related mortality and
morbidity, irrespective of having cardiovascular disease
(CVD) [27].

Higher population density (>2 people) acted as a protective
factor (OR 0.42, CI [0.36—0.49]) on the prevalence of diabe-
tes. This finding concurred with other recent studies, and it
might be because diabetes is highly prevalent in households
with food insecurity [28], where nearly half of those food
insecure households were comprised of primarily unattached
individuals [29] and single persons living alone [30]. These
papers also reinforce our study findings that marital status
(single/divorced/separated/widowed) and poor socio-
economic status (lack of post-secondary education/low in-
come) increase the risk of developing diabetes.

Known diabetes risk factors such as respondent’s age, sex,
income, positive family history remained significant after
adjusting for all variables. Behavioural risk factors such as
high BMI, physical inactivity, high screen time, and smoking
were significant in the univariate model but became non-
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significant after multivariate analysis. However, smoking
showed a significant interaction with the sex of the respon-
dents. Male ex-smokers were at a higher risk of developing
diabetes. A possible explanation could be that ex-smokers
endure adverse metabolic changes such as weight gain and
systemic inflammation, whereas current smokers do not,
which may lead to an increase in the risk of diabetes
[31]. This risk may peak as far as five to seven years after
the respondent quits smoking [32]. Another behavioural
risk factor was alcohol consumption (irrespective of dos-
ages) acted as a protective factor for diabetes prevalence. It
can significantly reduce diabetes risk, and the findings are
supported by previous studies [33, 34]. The probable cause
might be due to alcohol can reduce blood sugar levels [33,
34] and HbAlc [34].

As demonstrated in other publications, our univariate anal-
ysis showed that the use of insecticide, pesticide, and fungi-
cide in agricultural fields was significantly associated with
increased diabetes prevalence. Recent evidence-based studies
illustrate that exposure to these chemical substances can in-
crease the risk of diabetes by causing a reduction in insulin
production [35], impaired glucose tolerance [35], insulin re-
sistance [36], and circadian disruption [36]. Surprisingly, in
multivariate analysis, after adjusting for other variables, all
agricultural chemical exposures became non-significant.
However, we observed a significant interaction between in-
secticide use in agricultural fields and the sex of the partici-
pants; male insecticide users were at a high risk of developing
diabetes. It might be due to the habitual high risk-taking ten-
dency of men [37] or that men are more prone to be in direct
contact with those agricultural chemical substances [12]. Our
findings also indicate that despite modernization in the agri-
cultural sector, rural farming exposure might still be a risk
factor for developing diabetes.

Declines in a participant’s perception of general health sta-
tus also acted as a significant predictor and exponentially in-
creased diabetes risk. As expected, cardiovascular co-
morbidities such as heart attack and high blood pressure
remained the most significant predictors of diabetes preva-
lence after multivariate analysis.
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Table 5 Cox regression analysis

of diabetes during four years of Crude HR Adjusted HR
follow-up according to a set of (95% CI) (95% CI)
baseline characteristics (N =
4330) Residence type
Non-farm 1.00 (ref)
Farm 0.93 (0.64-1.34)
Quadrant
South west 1.00 (ref) 1.00 (ref)
South east 0.77 (0.45-1.33) 0.71 (0.32-1.55)
North east 0.74 (0.45-1.23) 0.43 (0.19-0.95)
North west 0.67 (0.40-1.13) 0.36 (0.15-0.83)
People living at home
<=2 people 1.00 (ref)
> 2 people 1.88 (1.16-3.07)
Age of the participants
1845 years 1.00 (ref) 1.00 (ref)
46-55 years 3.73 (1.55-8.98) 2.48 (0.80-7.64)
>=156 years 5.55 (2.41-12.79) 2.45 (0.79-7.65)
Sex
Female 1.00 (ref) 1.00 (ref)
Male 1.76 (1.22-2.54) 1.59 (0.73-3.50)

Marital Status

Married/Common law/living together
Widowed/Divorced/separated/Single, never married
Education level

Less than high school

Completed high school

Completed university

Completed post-secondary education other than above
Income adequacy

>=$60,000

$40,000 to $59,999

$20,000 to $39,999

<$20,000

Exposure

Insecticide

No

Yes

Pesticide

No

Yes

Fungicide

No

Yes

Herbicide

No

Yes

Livestock

No

Yes

Household smoke

1.00 (ref)
1.18 (0.73-1.92)

1.00 (ref)

0.59 (0.38-0.91)
0.53 (0.28-1.00)
0.38 (0.23-0.64)

1.00 (ref)

1.28 (0.78-2.12)
1.55 (0.94-2.54)
1.84 (0.93-3.66)

1.00 (ref)

1.4 (0.98-2.02)

1.00 (ref)
1.38 (0.92-2.06)

1.00 (ref)
1.59 (1.18-2.29)

1.00 (ref)
1.48 (1.03-2.14)

1.00 (ref)
1.11 (0.78-1.59)

1.00 (ref)

0.48 (0.24-0.98)
0.85 (0.36-2.03)
0.60 (0.27-1.33)
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Table 5 (continued)

Crude HR Adjusted HR
(95% CI) (95% CI)
Yes 1.00 (ref)
No 1.32 (0.81-2.15)
Family History
Dad diabetic
No 1.00 (ref) 1.00 (ref)
Yes 1.67 (1.04-2.68) 2.16 (1.09-4.27)
Mom diabetic
No 1.00 (ref)
Yes 1.73 (1.08-2.76)
Siblings diabetic
No 1.00 (ref) 1.00 (ref)
Yes 2.88 (1.88-4.42) 1.97 (1.04-3.75)
Behavioural Risk & Protective Factor
BMI
Normal (BMI < 25) 1.00 (ref) 1.00 (ref)
Overweight (BMI 25-30) 3.66 (1.72-7.77) 3.32(0.94-11.70)
Obese (BMI >30) 7.28 (3.48-15.25) 7.06 (2.02-24.65)
Exercise duration
None 1.00 (ref)
Less than 15 min 1.31(0.72-2.37)
15-30 min 0.60 (0.39-0.94)
31-60 min 0.21 (0.09-0.49)
More than 60 min 0.37 (0.11-1.14)
Smoking

Never Smoker

Ever smoker
Alcohol consumption/ 12 month
Never

Less than once a month
Once a month

2 to 3 times a month
Once a week

2 to 3 times a week
4 to 6 times a week
Every day
Comorbidity
Cardiovascular
Heart disease

No

Yes

Heart attack

No

Yes

High blood pressure
No

Yes

Stroke

No

1.00 (ref)
1.18 (0.82-1.69)

1.00 (ref)

1.41 (0.80-2.47)
0.89 (0.40-1.97)
1.34 (0.74-2.42)
0.48 (0.19-1.20)
0.83 (0.41-1.69)
0.50 (0.17-1.49)
0.78 (0.28-2.23)

1.00 (ref)
3.22 (1.99-5.25)

1.00 (ref)
3.42 (1.87-6.28)

1.00 (ref)
2.62 (1.82-3.78)

1.00 (ref)

@ Springer



J Diabetes Metab Disord (2020) 19:1563-1582 1577
Table 5 (continued)
Crude HR Adjusted HR
(95% CI) (95% CI)

Yes 1.90 (0.69-5.25)

Respiratory

Chronic bronchitis

No 1.00 (ref)

Yes 2.15 (0.78-5.92)

Emphysema

No 1.00 (ref)

Yes 4.10 (1.47-11.42)

Asthma

No 1.00 (ref)

Yes 2.02 (1.22-3.36)

COPD

No 1.00 (ref)

Yes 3.39 (1.56-7.36)

Cancer

No 1.00 (ref)

Yes 1.67 (0.97-2.86)

Sleep apnea

No 1.00 (ref) 1.00 (ref)

Yes 2.84 (1.68-4.79) 2.24 (1.04-4.84)

Other

Snore

No 1.00 (ref)

Yes 2.17 (1.29-3.64)

Epworth Sleepiness Score

Normal 1.00 (ref) 1.00 (ref)

Abnormal 2.24 (1.46-3.42) 1.91 (1.03-3.53)

General health

Excellent 1.00 (ref)

Very good 1.74 (0.61-4.97)

Good 3.37 (1.22-9.34)

Fair 7.67 (2.69-21.90)

Poor 6.33 (1.57-25.50)

Interaction

Male#46-55 years
Male# > =56 years

Sex X Age
10.03 (0.92-104.44)
8.21 (0.83-81.52)

**Crude HR: Significant at the P value < 0.20 (marked as bold)
**Adjusted HR: Significant at the P value < 0.05 (marked as bold)

Incidence

This study is the first of its kind to measure the cumulative
incidence (2.75%) of diabetes among rural residents of
Saskatchewan. Based on self-report, 119 new diabetes cases
were identified among 4330 rural residents after four years of
follow-up. Information regarding the incidence of diabetes in

rural Canada population is scarce. However, the Canadian
Chronic Disease Surveillance System (CCDSS) states that
the age-standardized incidence of diabetes remains nearly sta-
ble from 2000 to 2017 [38]. A cohort study was conducted
over 7.5 years in Spain and found that the nationwide cumu-
lative incidence was 6.4% [39], which is more than two-fold
higher than our findings. Another 8-year cohort study
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conducted in Norway states that the cumulative incidence of
that community was 6.1% [40]. The incidence rate difference
in different parts of the world might be due to different demo-
graphics, urban/rural disparities, duration of the study, and
study design.

We observed that being obese increased the incidence of
diabetes among rural residents. Obese participants are twice as
likely to develop diabetes when contrasted with overweight
respondents. Univariate analysis found that positive family
history also acted as a significant predictor for diabetes inci-
dence. However, in the multivariate model, the diabetic moth-
er variable became non-significant.

Common risk factors such as an increase in age, the male
sex, and low-income became non-significant after adjusting
for all variables. However, a significant interaction was ob-
served between the age and sex of the participants; males over
the age of forty-five were at a higher risk of developing dia-
betes than females. Occupational chemical exposures also be-
came non-significant in the multivariate model, which is likely
due to fewer study participants in each occupational chemical
exposure group.

Only higher education remains a protective factor after
multivariate analysis, as higher education can significantly
reduce the incidence of diabetes. A recent study conducted
among rural residents of China illustrates that lower health
literacy levels are inversely associated with glycemic control
and can aggravate diabetes risk [41]. Health literacy promotes
healthy food eating practices and helps reduce behavioural
risk factors.

Sleep apnea and its related symptom (Epworth
Sleepiness Score) were significantly associated with the
high incidence of diabetes, and results were consistent
with previous research [42]. Insulin resistance and glu-
cose intolerance are known mechanisms for developing
diabetes among sleep apnea patients [42]. Obesity is a
shared common risk factor between Diabetes and sleep
apnea, which may be a key moderator/mediator for the
effect of sleep apnea on developing diabetes. It is already
proven that sleep apnea is associated with diabetes prev-
alence [42]. However, to our knowledge no study has
been conducted to identify the effect of obesity via sleep
apnea or abnormal Epworth Sleepiness Score (which mea-
sures excessive daytime sleepiness) on diabetes
prevalence/incidence among rural Canadian residents.

Strength of the study

This longitudinal study was the first of its kind to estimate the
cumulative incidence and associated risk factors among rural
diabetic residents of Saskatchewan. The longitudinal nature of
this study allows a better understanding of the causality of
higher diabetes prevalence and incidence among the rural res-
idents of Saskatchewan. It also provides valuable information
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on changes over time regarding diabetes. By analyzing a large
number of farm/non-farm residents stratified by a widespread
geographical location, we can better understand the role of a
wide range of diabetes predictors in the province.

Limitation of the study

It is plausible that our research may have some limitations.
We could not distinguish between type 1, type 2 and ges-
tational diabetes due to limitations in the dataset. We failed
to identify risk factors associated with different types of
diabetes. However, type 2 diabetes mellitus is the most
common form of diabetes and predominantly affects adult
populations [24].

The information regarding occupational exposures (in-
secticide, fungicide, herbicide) such as intensity, chemical
composition, method of applying it in the field, and use of
protective gear was missing. Occupational exposures were
self-reported, and no objective measurements were avail-
able for those exposures. The availability of objective mea-
surements might help prove a strong linkage between spe-
cific occupational exposures and diabetes. We prove a
strong longitudinal univariate association between insecti-
cide use and diabetes. Furthermore, a significant interac-
tion between male sex and insecticide use validates the
biological plausibility of diabetes prevalence among insec-
ticide users.

Our study fails to demonstrate the ethnic/racial distribution
of diabetes, as most of the participants were Caucasian or of
European heritage. The findings of our study might not be
generalizable for the entire Saskatchewan rural population as
there is an age distribution discrepancy between our study
participants and Saskatchewan’s overall general population.
Necessary caution should be exercised when generalizing
our study findings against the total rural population of
Saskatchewan. Details about generalizability limitations were
described elsewhere [16, 17].

About 3520 participants did not participate in the
follow-up survey. A comparison analysis was conducted
to observe the difference between respondents who partic-
ipated in both surveys and dropouts who participated only
in the baseline. Dropouts tended to be town dwellers, res-
idents of low socio-economic status, or respondents having
had higher reported cases of respiratory disease. However,
we did not find any statistically significant difference re-
garding lung function tests between respondents and drop-
outs. Additionally, there was a lack of sufficient informa-
tion on dietary patterns, prescribed diabetic medication,
and diabetes-related mortality/morbidity might be the lim-
itation of the present study. Lastly, there may be a possible
chance of bias as our outcome of interest was self-reporting
diabetes.
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Future direction

More intensive studies are required to prove a causal link
between the onset of diabetes and agricultural occupational
exposures, such as insecticide, fungicide, and pesticide
use. A comprehensive questionnaire tailored to diabetes
occurrence and risk factors specific to rural residence
would help identify additional findings. Also, we would
be able to pinpoint clinically diagnosed diabetic cases
and reduce biases by engaging trained personnel and using
hospital registries to monitor HbAlc and blood sugar
levels. Data regarding new diabetes cases should be col-
lected every year. Recording the responsible factors and
the exact date of diabetes occurrence will allow us to cal-
culate a distinct incidence rate as suggested by the Geneva
Foundation for Medical Education and Research for long
cohort studies [43]. A mediation analysis may also be con-
ducted to evaluate the effect of sleep apnea on diabetes or
vice versa, as obesity was a common risk factor. Strategies
and recommendation for rural residents:

1. Agricultural Health and Safety Network (AHSN) at the
Canadian Centre for Health and Safety (CCHS) has an
outreach program and publish findings of research be-
ing conducted at the Canadian Centre for Health and
Safety in Agriculture (CCHSA) in a regular newsletter
on an on-going basis. We plan to communicate find-
ings of this report with 26,000 Saskatchewan farmers
to inform and educate them about the association be-
tween agricultural chemical and other rural exposures
and prevalence of diabetes. The AHSN educates these
farmers on how to handle chemical substances in the
agricultural field safely.

2. Physical activity should be encouraged for farm and non-
farm rural dwellers. This can be done via AHSN regular
newsletter as well.

3. Educational interventions and lifestyle modification
should be introduced among all rural residents, especially
high-risk groups, including non-farm residents, low so-
cioeconomic status, older age groups, males, smokers,
and rural residents with high BML.

Conclusion

A mix of individual and contextual factors was responsible
for the high incidence and prevalence rate of diabetes
among the rural residents of Saskatchewan, which de-
mands urgent long term and population-based community
health initiatives. We observed a steep rise in diabetes
prevalence among Saskatchewan rural residents from base-
line (2010) to follow-up (2014). Additionally, we found

that the obese non-farm male residents were at the highest
risk of developing diabetes when compared to the farm
residents in rural Saskatchewan. Along with known modi-
fiable risk factors (income, education, BMI level, smoking,
heart attack and high blood pressure) and non-modifiable
risk factors (age, sex, positive family history), agricultural
chemical-related exposures were also responsible for the
high prevalence of diabetes among rural residents.
Significant predictors responsible for the high incidence
of diabetes among rural residents of Saskatchewan after
four years of follow-up study were high BMI and positive
family history. A unique finding was that sleep apnea sig-
nificantly increases the risk of developing new cases of
diabetes among rural residents. Conversely, we found that
sleep apnea was non-significant for high diabetes preva-
lence among the same population group. The common sig-
nificant variable between incidence and prevalence of dia-
betes was obesity. Obesity is a mutually shared risk factor
between sleep apnea and diabetes, and a mediation analysis
could be conducted in the future to evaluate the impact of
sleep apnea on diabetes or vice versa. We strongly recom-
mend that information regarding healthy food choices and
lifestyle practices, as well as suggestions for personal safe-
ty measurements regarding the long-term effects of agri-
cultural chemical exposures should be made readily avail-
able to everyone to increase awareness and reduce diabetes
occurrence and its complications in Canada.
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Appendix

Theoretical Framework for this Study.

Covariates:1?
e Demographic
e Sleep Apnea
o Health Status

Individual Factors:123
e Heredity

Health Outcomes:%

o Lifestyle/behavioural
e Environmental

e Diabetes

e Psychosocial

Contextual Factors:14

e Socioeconomic

e Socio-Cultural

e Access to Health Services

Fig. 4 Theoretical framework for this study. Legend of Assessment Methods: 1. Survey questionnaire (farm and small-town cohorts); 2 Clinical
assessment (sub-sample of both cohorts); 3. Environmental assessments; 4. Health care utilization records.
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