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Abstract

Physical activity improves glycemic control and reduces
the risk of cardiovascular disease (CVD) and mortality
in patients with type 2 diabetes (T2D). Moderate to
vigorous physical activity is recommended to manage
T2D; however, patients with T2D can be physically

Baishidenge ~ WJD | www.wjgnet.com

weak, making it difficult to engage in the recommended
levels of physical activity. Daily physical activity includes
various activities performed during both occupational and
leisure time such as walking, gardening, and housework
that type 2 diabetic patients should be able to perform
without considerable physical burden. This review
focuses on the association between daily physical activity
and T2D. Walking was the most common form of daily
physical activity, with numerous studies demonstrating
its beneficial effects on reducing the risk of T2D, CVD,
and mortality. Walking for at least 30 min per day was
shown to reduce the risk of T2D by approximately 50%.
Additionally, walking was associated with a reduction in
mortality. In contrast, evidence was extremely limited
regarding other daily physical activities such as gardening
and housework in patients with T2D. Recent studies have
suggested daily physical activity, including non-exercise
activity thermogenesis, to be favorably associated with
metabolic risks and mortality. However, well-designed
longitudinal studies are warranted to elucidate its effects
on overall health.

Key words: Type 2 diabetes; Daily physical activity;
Walking; Non-exercise activity thermogenesis

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In addition to moderate- to vigorous-intensity
exercise, daily physical activity is also important for the
prevention and management of type 2 diabetes (T2D).
Of note, individuals can engage in daily physical activity
without remarkable physical burden, anywhere and at any
time. It is well known that exercise improves the outcomes
of metabolic diseases and reduces cardiovascular disease
risk and mortality. However, the literature pertaining to
the effects of specific types of daily physical activity on
health is sparse. It is necessary to accumulate evidence
on the positive effects of daily physical activity on the
management of T2D.
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review. World J Diabetes 2016; 7(12): 243-251 Available from:
URL: http://www.wjgnet.com/1948-9358/full/v7/i112/243 .htm
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INTRODUCTION

Exercise therapy is essential for the management of dia-
betes. A sedentary lifestyle is known to be a major risk
factor of cardiovascular disease (CVD)™, The American
College of Sports Medicine and the American Diabetes
Association have recommended at least 150 min/wk of
moderate (50%-70% of an individual’'s maximum heart
rate) to vigorous (> 70% of an individual’'s maximum
heart rate) physical activity for patients with type 2
diabetes (T2D)™. As for patients with type 1 diabetes,
regular physical activity has also shown beneficial effects
on glycemic control and other health-related outcomes,
although the evidence is limited™.

However, the recommended intensity and duration
of exercise could present a physical burden to diabetic
patients and lead to cessation of exercise therapy because
diabetic patients have a lower physical performance
threshold than healthy individuals. Patients with T2D
show a lower energy expenditure, number of steps, and
duration of physical activity compared to subjects without
diabetes™, as well as low cardiorespiratory fitness™®.
Moreover, the muscle strength of individuals with T2D is
significantly lower than those without”®, In fact, upper
and lower extremity muscle strength have been shown
to be inversely associated with the degree of diabetic
complications’, suggesting that diabetes progression
hinders engagement in physical activity. Indeed, the
percentage of patients with diabetes found to engage in
exercise therapy was approximately 40%™”, and only
28.2% of diabetic patients in the United States achieved
the recommended level of physical activity™". In a large-
scale cohort study, individuals who performed low-
volume physical activity, which was defined as 15 min/d
or 90 min/wk, had a 14% reduced risk of all-cause
mortality and a life expectancy increase of 3 years™*?.
Thus, it is important to note that in addition to moderate-
to vigorous-intensity physical activity, light- to moderate-
intensity daily physical activity should also be considered
an alternative and supportive exercise therapy regimen
for diabetic individuals.

The purpose of this review is to highlight the effects of
daily physical activity on health in type 2 diabetic patients
and to further suggest a strategy for the treatment of
T2D by changing the amount of daily physical activity a
patient performs. This review will help physical therapists,
clinicians, and patients manage T2D.

DAILY PHYSICAL ACTIVITY

Daily physical activity is defined as continuous bodily
movements via the contraction of skeletal muscle that
results in an increase in energy expenditure in daily life!*.
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This indudes various activities that are conducted in both
occupational and leisure time such as walking, working at
a desk, washing, cooking, and sports. On the other hand,
exercise is defined as planned, structured, and repetitive
physical activity that has the objective of improving
physical fitness'™”. Physical activity is usually classified by
its intensity and duration. The metabolic equivalent (MET)
is a useful measurement for representing the intensity of
physical activity and is defined as the amount of oxygen
uptake while sitting at rest. An oxygen uptake of 3.5
mL/kg per minute is equal to the basal resting metabolic
rate and is considered to be 1 MET™"., Ainsworth et af*
listed MET values for 821 specific physical activities that
vary in their intensity of daily physical activity according to
the situation in which they are performed. For example,
walking inside is equal to only 2.0 METs (light intensity)
whereas walking with children is the equivalent of 4.0
METs (moderate intensity). Therefore, it should be noted
that daily physical activity covers a wide range of intensity
that at times are the same as structured exercise (Table 1).

SEDENTARY LIFESTYLE

Sedentary behavior refers to the tendency to sit during
waking hours with low energy expenditures. The mean
sitting time is estimated to be approximately 6-7 h/d in
developed countries, and a decreased level of physical
activity has been shown to be inversely associated with
increased sitting time™®.. In today’s world, individuals
are more prone to sit on a daily basis.

Whose lifestyle is healthier: A person who engages in
the recommended amount of exercise during their leisure
time but is extremely sedentary in their spare time, or
a person who does not achieve the recommended level
of physical activity but is quite physically active in the
workplace? The answer: Exercise and sedentary behavior
may be mutually contradictory™”. Sedentary time has been
recognized as an independent risk factor for CVD, T2D, and
all-cause mortality™”**!, The American Diabetes Association
has recommended that patients with diabetes should be
encouraged to reduce their sedentary time and to not sit for
more than 90 min®”. Changing one's sedentary lifestyle to
a more active lifestyle is key to the better management
of T2D. In addition, sitting time may not affect all-cause
mortality if it is combined with walking time, suggesting
that the positive association between sitting time and
mortality is only evident in individuals who sit for very
long periods of time™!. This review focuses on clinical
studies that have investigated the effects of walking on
CVD risk factors and mortality.

WALKING

Walking is one of the most common physical activities
of daily life®*. However, 54.6% of patients with T2D
have reported engaging in no weekly physical activity
through walking™, demonstrating that patients with
T2D should walk more frequently. Epidemiological
studies have suggested that walking is associated
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Table 1 Excerpt of various daily physical activities and their

associated metabolic equivalents

Daily physical activity METs
Walking
Very slow, <3.2km/h 2
Slow, 3.2-4.0 km/h 2.8-3.0
For pleasure, moderate pace, 4.5-5.1 km/h 3.5
Brisk, 5.6 km/h 43
Very brisk, 6.4-7.2 km/h 5.0-7.0
Stair climbing, slow pace 4
Stair climbing, fast pace 8.8
Gardening 3.8
Yard work 3.0-6.0
Mowing lawn 55
Shoveling 5.3-7.5
Housework
Washing dishes 1.8-2.5
Cleaning 2.3-3.8
Cooking 2.0-3.0
Child care 2.0-3.0
Elder care 2.3-4.0

Each activity is quoted from Ainsworth et al™ (2011 Compendium
Physical Activities). METs: Metabolic equivalents.

with a reduced risk of T2D. Hu et al*®' examined the
relationship between physical activity, based on the
use of a questionnaire, and the incidence of T2D in
individuals selected from the Nurses’ Health Study
database. A total of 70102 women without diabetes were
followed for 8 years. Overall, walking MET scores had a
strong negative association with the risk of T2D. More
specifically, a normal walking pace (3.2-4.8 km/h) was
associated with an approximate 20%-30% reduction
in the risk of T2D in women who did not engage in
vigorous physical activity, and a faster walking pace was
independently associated with a reduced risk of T2D.
Moreover, Tanasescu et al*® examined the relationship
of walking with CVD risk and mortality among 3058
men with T2D. Frequent walking (= 16.1 MET-hours/
week) was associated with a nearly 40% reduced risk
of mortality, and walking pace was inversely associated
with CVD and total mortality independent of walking
hours. Gregg et al*” also investigated whether walking
reduced mortality among 2896 United States adults
with diabetes. Patients who walked at least 2 h/wk had
a 39% lower all-cause mortality rate and a 34% lower
CVD mortality rate compared with sedentary patients.
However, it is important to note that these studies
were observational studies, and a causal relationship
between walking and incidence of T2D and/or CVD
cannot therefore be deduced. Moreover, physical activity,
including the amount and speed of walking, might have
been over or underestimated in these studies because
physical activity was evaluated by questionnaires, and
such subjective data are known to have poor validity™,
as eliminating bias is quite difficult. The Nateglinide
and Valsartan in Impaired Glucose Tolerance Outcomes
Research trial®=" investigated whether changes in
ambulatory activity, assessed objectively through the use
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of a pedometer, were associated with a reduced risk of
cardiovascular events in individuals with impaired glucose
tolerance. During a 45211 person-years follow-up,
ambulatory activity was found to be inversely associated
with the risk of a cardiovascular event. Specifically, an
increase of 2000 steps/d at baseline was associated
with a 10% reduction in having a cardiovascular event,
and a 2000-step increase in daily life from baseline to
12 mo was associated with an 8% lower cardiovascular
event rate®®. On the other hand, the Nakanojo Study™”
suggested that not just walking but the combination of
walking (> 8000-10000 steps/d) and physical activity
at an intensity > 3 METs was necessary to prevent
metabolic syndrome. Daily physical activity that reaches
an intensity > 3 METs may need to be emphasized. A
list of published articles that focused on the beneficial
association of walking with the risk of T2D, CVD, and
mortality is shown in Table 2.

The Diabetes Prevention Program randomly assigned
3234 individuals with impaired glucose tolerance to one of
three interventions: Standard lifestyle recommendations
plus metformin treatment, standard lifestyle recom-
mendations plus placebo, or an intensive program of
lifestyle modification. The lifestyle intervention reduced
the incidence of diabetes by 58% after a 2.8-year
follow-up. Brisk walking for at least 150 min/wk was a
very effective way to prevent T2D®*. The Da Qing IGT
and Diabetes Study investigated the effects of walking
for at least 30 min/d on individuals with impaired glucose
tolerance. A total of 577 subjects were randomized to
one of three groups: Diet only, walking only, or diet
plus walking. Over a 6-year follow-up, the incidence
of diabetes was significantly reduced by 46% in
the walking group®™!. Kosaka et al*® showed that a
lifestyle intervention for men with impaired glucose
tolerance effectively reduced the risk of diabetes. They
recommended the following activities to their subjects
to increase their physical activity: Walking for 30-40
min/d, using a staircase instead of an elevator or an
escalator, performing 30 min of cycling on weekends,
and getting off a bus one stop before their destination.
Their findings demonstrated that the physical activity
intervention combined with diet therapy reduced the
risk of diabetes by 67.4%. A list of published articles
with a focus on the effects of walking on the risk of T2D
is shown in Table 3.

Several small-scale intervention studies have rev-
ealed favorable effects of walking on CVD risk factors.
A walking program of 1 h/d for 12 wk was shown to
improve physical fitness, body composition, and glycemic
control in postmenopausal women with T2D", Similarly,
walking at least 10000 steps/d combined with diet
therapy in obese patients with T2D improved their insulin
sensitivity'®®!, Moreover, a meta-analysis of randomized
controlled trials summarized the effects of walking on
glycemic control and CVD risks; specifically, walking
significantly decreased glycated hemoglobin levels
by 0.50% (95%CI: -0.78% to -0.21%), body mass
index by -0.91 kg/m’ (95%CI: -1.22 to -0.59 kg/m?),
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Table 2 Epidemiological studies investigating the associations of walking with the risk of type 2 diabetes, cardiovascular events, and mortality

Ref. Study design Subjects Physical activity measurement Outcome, results
Hu et al™ Prospective cohort study 70102 female MET score and walking pace Risk of type 2 diabetes, normal walking pace
participants based on a questionnaire (3.2-4.8 km/h): RR = 0.72; 95%CI: 0.62-0.85

without diabetes,
CVD, or cancer

Tanasescu et al®!  Prospective cohort study 3058 men with
type 2 diabetes

Gregg et al™” Prospective cohort study 2896 subjects with
diabetes

Yates et al™ Prospective data analysis 9306 individuals

from the NAVIGATOR trial
(a multicenter, randomized,

with impaired
glucose tolerance
placebo controlled, 2 x 2

factorial trial)

MET-hour score measured by
a questionnaire

by a questionnaire

Number of steps assessed by
a pedometer

Brisk or very brisk walking pace (> 4.8 km/h):
RR = 0.41; 95%ClI: 0.33-0.52

Mortality, walking = 16.1 MET-hours/week: RR
= 0.60; 95%ClI: 0.41-0.88

Very brisk walking pace (= 4 mph): RR = 0.42;
95%ClI: 0.19-0.97

Time spent walking measured Mortality, walking = 2 h/wk, all-cause mortality:

HRR = 0.61; 95%CI: 0.48-0.78; CVD mortality:
HRR = 0.66; 95%ClI: 0.45-0.96

Cardiovascular events, baseline ambulatory
activity (2000 step/d increment): HR = 0.90;
95%ClI: 0.84-0.96

Change in ambulatory activity from baseline to
12 mo (2000 step/d difference in change): HR =
0.92; 95%ClI: 0.86-0.99

MET: Metabolic equivalents; RR: Relative risk; HRR: Hazard rate ratio; CVD: Cardiovascular disease; HR: Hazard ratio; NAVIGATOR: Nateglinide and

Valsartan in Impaired Glucose Tolerance Outcomes Research.

Table 3 Clinical trials investigating the effects of walking on the risk of type 2 diabetes

Ref. Study design  Subjects, follow-up time Intervention Results

Knowleret  Randomized 3234 individuals with A minimum of 150 min of physical activity similar intensity to ~ 58% reduction in the

al® clinical trial ~ impaired glucose brisk walking and 7% weight loss incidence rate of type 2
tolerance, 2.8 yr diabetes

Pan et al™ Randomized 577 individuals with At least 30 min/d of walking 46% reduction in the risk of

clinical trial ~ impaired glucose developing diabetes

tolerance, 6 yr

Kosaka et al* Randomized 458 men with impaired Recommendations for physical activity: walking 30-40 min/d,  67.4% reduction in the risk

clinical trial ~ glucose tolerance, 4 yr

using staircase instead of an elevator or an escalator, 30-min

of developing diabetes

cycling on weekends and getting off one bus stop before the

destination

and diastolic blood pressure by -1.97 mmHg (95%CI:
-3.94 to -0.0 mmHg)®®. Recently, an interesting study
investigating postprandial changes in glucose, insulin,
and non-esterified fatty acids in postmenopausal
women at high risk of T2D was published. In this study,
22 participants were randomly assigned to one of six
groups: Prolonged sitting (7.5 h) plus standing (total
of 60 min), standing plus walking (total of 60 min),
walking plus sitting, standing plus sitting, or walking plus
standing. Both standing and walking significantly reduced
postprandial glucose, insulin, and non-esterified fatty
acids response compared with prolonged sitting™*”. Thus,
diabetic patients may only need to stand to improve their
metabolic profile.

Additionally, the way in which one walks may also be
of significance. Karstoft et a/* investigated the effects
of interval-walking vs continuous-walking in patients
with T2D. Four months of free-living interval-walking
improved maximal oxygen consumption (VO2 max), body
composition, and glycemic control. VO2 max significantly
increased by 16.1%, fat mass and visceral fat significantly
decreased by 10.8% and 10.6%, respectively, fasting
insulin significantly decreased by 19.5%, and mean
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glucose concentrations measured by the continuous
glucose monitoring system significantly decreased by 8.5%
in the interval-walking group, whereas no changes were
observed in the continuous-walking group. Their next
study focused on determining whether interval-walking
improved postprandial glucose tolerance and free-living
glycemic control more than continuous-walking. Their
findings revealed that a greater reduction in postprandial
blood glucose levels was observed with a single interval-
walking session than with an oxygen consumption- and
time duration-matched continuous-walking session™?.
The optimal exercise therapy for individuals with T2D
and existing diabetic complications is still unknown. The
amount, duration, and intensity of exercise has been
emphasized in diabetes care; however, the mode of
physical activity such as the variation in intensity and
motion may also need to be emphasized.

GARDENING, HOUSEWORK, AND OTHER

ACTIVITIES
Gardening is the most popular daily physical activity in

June 25, 2016 | Volume 7 | Issue 12 |



older adults™***; however, the current literature does

not provide sufficient evidence of the health benefits
of gardening!*®. The Evaluating Long-term Diabetes
Self-management Among Elder Rural Adults study, a
population-based cross-sectional study, described the
types of daily physical activities performed among rural
older adults with diabetes. The most common physical
activities reported by these individuals were walking
(79.7%), housework (68.7%), and gardening (64.8%).
Health-related quality of life, as measured by the
short form 12-item survey scale, has been found to be
positively associated with physical activity, suggesting
that participating in a greater amount of daily physical
activity such as gardening and housework is beneficial
for older adults™’. As domestic physical activity, which
includes gardening and housework, has been analyzed
as a part of total daily physical activity in previous
studies, it is difficult to determine its independent
effects on health. However, it is important to investigate
the effects of domestic physical activity on glycemic
control, CVD risk, and mortality, as domestic chores
are the main contributors to total daily physical activity
in patients with T2D™*”. Stamatakis et a/*® examined
the independent effects of domestic physical activity
(e.g., cleaning windows, sweeping, digging, cycling,
dancing) on mortality and CVD events in the Scottish
Health Survey. Participation in intense domestic physical
activity was associated with lower all-cause mortality
(men: RR = 0.68, 95%CI: 0.50-0.91; women: RR =
0.70, 95%CI: 0.52-0.93). A recent study showed that
heavy housework was associated with reduced mortality
(HR = 0.71; 95%CI: 0.56-0.91) and reduced cancer
deaths (HR = 0.52) in older Chinese men™*, However,
the associations between domestic physical activity
and mortality or CVD risk in diabetic patients were not
investigated in these studies. In contrast, Lawlor et
al® found that participating in at least 2.5 h of heavy
housework was not associated with an improvement
in obesity among elderly British women. However, this
study also lacked information concerning T2D. There is
extremely little evidence to suggest that gardening and/
or housework have beneficial effects on mortality, CvD
risk, or other metabolic disturbances in patients with
T2D. Conversely, an observational study in healthy older
adults objectively measured free-living activity energy
expenditure by using the doubly labeled water method
and demonstrated its association with a lower risk of
mortality™". There was an approximate 30% lower risk
of mortality for every 287 kcal consumed per day by
free-living activity energy expenditure; however, self-
reported high-intensity exercise did not differ between
the activity energy expenditure tertiles, suggesting that
light- to moderate-intensity daily physical activity plays
a key role in healthy living. Beddhu et a/*® analyzed
data from the 2003-2004 National Health and Nutrition
Examination Survey and showed that the duration of
light-intensity physical activity (e.g., casual walking,
light gardening, cleaning), objectively assessed by an
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accelerometer, was significantly associated with a lower
mortality risk (HR = 0.59; 95%CI: 0.35-0.98) in the
chronic kidney disease (CKD) population; however, an
increase in moderate/vigorous activity duration did not
result in a significantly lower hazard ratio in the CKD
group. Approximately 20%-30% of patients with CKD
had diabetes in this study, which suggests that light-
intensity daily physical activity can reduce mortality in
diabetic patients with CKD. Thus, these findings suggest
that in contrast to moderate- to vigorous-intensity
exercise, light-intensity daily physical activity may have
beneficial health effects on diabetic patients who have
progressed complications. Moreover, Steeves et a/>!
conducted a study analyzing data from the 2003-2006
National Health and Nutrition Examination Survey and
found that the total physical activity levels of patients
with diabetes, as measured by an accelerometer,
were significantly lower compared to participants with
normal glucose tolerance and prediabetes. The diabetic
participants were found to be inactive from 10:00 am
to 8:00 pm when compared with participants with
normal glucose tolerance, and their physical activity per
hour declined rapidly after 12:00 pm, with the greatest
difference occurring at 4:00 pm™. These findings
suggest that clinicians should consider activity patterns
in daily life as well as total physical activity to achieve
optimal glycemic control in patients with T2D.

NON-EXERCISE ACTIVITY
THERMOGENESIS

Daily physical activity, with the exception of volitional
sports-like activities, is defined as non-exercise activity
thermogenesis (NEAT)™. NEAT is the main determinant
of variability in total daily energy expenditure®, which
varies substantially from person to person by up to
2000 kcal/d™®!, NEAT is influenced by various factors.
For example, NEAT has been shown to increase by
25% seven days after a single bout of high-intensity
walking exercise™”). Moreover, regular exercise, especially
moderate- to vigorous-intensity exercise, may increase
NEAT; in contrast, living in an urban area populated
with individuals who live a sedentary lifestyle will likely
result in a decrease in NEAT. Indeed, the ambulation
levels of rural Jamaicans was found to be more than
60% of those of urban North Americans, suggesting that
urbanization is associated with a decrease in NEAT™®,
However, the intensity, frequency, and duration of
physical activity required to increase NEAT is unknown.
Furthermore, Levine et al® examined whether
weight gain was associated with a decrease in walking
distance. The consumption of an additional 1000 kcal/d
significantly decreased walking distance in both lean and
obese individuals, suggesting that weight gain due to
overeating may result in decreased walking. Schmidt et
al® examined whether 23 obesity-prone individuals and
32 obesity-resistant individuals had a different response
to 3 d of overeating. They found that the walking time of
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Figure 1 Non-exercise activity thermogenesis is intricately regulated by
sociological, endocrinological, and genetic factors. NEAT: Non-exercise
activity thermogenesis.

obesity-prone subjects decreased significantly (-2.0%),
whereas obesity-resistant subjects maintained their
walking time. Taken together, these studies collectively
suggest that daily diet, exercise, and living environment
all influence the amount of NEAT. Furthermore, end-
ocrine factors such as thyroid hormones®", leptin®®,
sex steroids®, and orexin® have all been shown to
affect changes in NEAT. Several biological studies have
also demonstrated that genetic variations exist in the
propensity for spontaneous physical activity. For example,
polymorphisms in the dopamine D2 receptor gene and
melanocortin-4 receptor gene have been associated with
physical activity variations in adults, and polymorphisms
in the Nhih2 gene have shown effects on the motivation
to exercise!®™. NEAT is thus modulated by endocrine,
genetic, and sociological factors (Figure 1).

Previous studies have shown that NEAT plays a
crucial role in the management of obesity®. The Look
AHEAD (Action for Health in Diabetes) study did not
find a reduction in the rate of cardiovascular events in
obese patients with T2D after implementation of an
intensive lifestyle intervention that aimed to achieve at
least 7% weight loss by a reduction in dietary intake and
a minimum of 175 min of moderate-intensity physical
activity per week. This finding suggests that this lifestyle
intervention should be conducted before an individual
becomes obese™®. Indeed, NEAT is a noteworthy factor
in the management of obesity and other metabolic risks.
The Shanghai Women’s Health Study, a prospective
cohort study, investigated the effects of exercise, walking
and cycling for transportation, as well as the effect
of non-exercise physical activity, on mortality. A total
of 67143 women without a history of heart disease,
stroke, or cancer were followed for an average of 5.7
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years. That study found that women who reported 10
or more MET-hours per day of non-exercise activity
had a 25%-50% lower risk of mortality compared with
less active women™®. Moreover, Hagger-Johnson et
al® analyzed data from the United Kingdom Women'’s
Cohort Study (1999-2002) to investigate the association
between fidgeting behaviors and all-cause mortality. Data
on sitting time and fidgeting behavior of 12778 women
were analyzed. Among women in the low fidgeting
group, sitting for = 7 h/d (vs < 5 h/d) was associated
with a 30% increase in risk of all-cause mortality. Among
women in the high fidgeting group, sitting for 5-6 h/d was
associated with a decreased mortality risk (HR = 0.63,
95%CI: 0.43-0.91)"*". Fidgeting as a component of NEAT
may reduce all-cause mortality; however, little evidence
is available regarding the associations between NEAT and
T2D. Hamasaki et al”®”*! previously reported that NEAT
was associated with a reduction in waist circumference,
improvement in insulin sensitivity and dyslipidemia,
and an increase in B-type natriuretic peptide”” levels in
patients with T2D. However, a causal relationship between
NEAT and the incidence of T2D could not be deduced, as
attempting to conduct a prospective study with a high level
of evidence would be quite difficult because, by definition,
intervention studies for NEAT would not be practical when
the effect of NEAT on metabolic disease is also unknown.
As physical activity is no longer an intervention for NEAT,
the development of new intervention strategies to target
NEAT will be an issue that should be addressed in the
future.

CONCLUSION

The current literature provides evidence of the efficacy
of walking in preventing T2D and reducing the risk of
cardiovascular events and/or mortality. More specifically,
previous studies have suggested that brisk walking for
at least 30 min/d (e.g., = 15 MET-hours per week) is
needed to reduce the risk of T2D. Walking improves
insulin sensitivity, glycemic control, and the incidence
of obesity. However, there are few studies investigating
the independent effects of other daily physical activities
such as gardening and housework on health, especially
in patients with T2D. The current literature lacks well-
conducted controlled longitudinal studies investigating
the effects of only daily physical activity on diabetes,
dyslipidemia, hypertension, other CVD risks, and mor-
tality. Daily physical activity, including NEAT, may be
associated with a reduction in mortality. Although
ensuring that patients with T2D engage in daily physical
activity may be difficult, well-designed longitudinal
studies that focus on daily physical activity independent
of structured exercise should be conducted in the future.
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Abstract

AIM: To determine the relationship between parity,
glycemic control, cardiovascular risk factors and diabetes-
related chronic complications in women with type 1
diabetes.

METHODS: This was a multicenter cross-sectional study
conducted between December 2008 and December 2010 in
28 public clinics in 20 cities from the 4 Brazilian geographic
regions. Data were obtained from 1532 female patients,
59.2% Caucasians, and aged 25.2 = 10.6 years. Diabetes
duration was of 11.5 + 8.2 years. Patient’s information was
obtained through a questionnaire and a chart review.
Parity was stratified in five groups: Group 0 (nulliparous),
group 1 (1 pregnancy), group 2 (2 pregnancies), group
3 (3 pregnancies), group 4 (= 4 pregnancies). Test for
trend and multivariate random intercept logistic and linear
regression models were used to evaluate the effect of
parity upon glycemic control, cardiovascular risk factors
and diabetes-related complications.

RESULTS: Parity was not related with glycemic control
and nephropathy. Moreover, the effect of parity upon
hypertension, retinopathy and macrovascular disease
did not persist after adjustments for demographic and
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clinical variables in multivariate analysis. For retinopathy,
the duration of diabetes and hypertension were the most
important independent variables and for macrovascular
disease, these variables were age and hypertension.
Overweight or obesity was noted in a total of 538 patients
(35.1%). A linear association was found between the
frequency of overweight or obesity and parity (P = 0.004).
Using a random intercept multivariate linear regression
model with body mass index (BMI) as dependent variable
a borderline effect for parity (P = 0.06) was noted
after adjustment for clinical and demographic data.
The observed variability of BMI was not attributable to
differences between centers.

CONCLUSION: Our results suggest that parity has a
borderline effect on body mass index but does not have
an important effect upon hypertension and micro or
macrovascular chronic complications. Future prospective
evaluations must be conducted to clarify the relationship
between parity, appearance or worsening of diabetes-
related chronic complications.

Key words: Type 1 diabetes; Parity; Glycemic control;
Cardiovascular risk factors; Diabetes-related chronic
complications

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To the best of our knowledge, this was the largest
study ever conducted with pregnant women with type 1
diabetes in Brazil and maybe in Latin America. Our results
suggest that parity did not have an important effect upon
hypertension and micro or macrovascular diabetes-related
chronic complications. Further prospective studies with a
larger number of patients must be addressed to clarify the
relationship between parity, appearance or worsening of
diabetes-related chronic complications.

Gomes MB, Negrato CA, Almeida A, de Leon AP. Does parity
worsen diabetes-related chronic complications in women
with type 1 diabetes? World J Diabetes 2016; 7(12): 252-259
Available from: URL: http://www.wjgnet.com/1948-9358/full/
v7/i12/252.htm DOI: http://dx.doi.org/10.4239/wjd.v7.i112.252

INTRODUCTION

There is a controversy about the impact of pregnancy
and parity on the appearance of diabetes-related chronic
complications or the progression of its course if they
are already present in women with preexisting type 1
diabetes (T1D)"2.

Some studies found a worsening of retinopathy during
pregnancy®>!, which was not confirmed by others!>**®,
The worsening of retinopathy could be explained by several
risk factors such as pregnancy per se, hypertension,
hyperglycemia, duration of diabetes and a rapid drop in
blood glucose levels aiming to reach normoglycemia™.
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Also the presence of increased circulating levels of
insulin-like growth factor (IGF-1) that occurs normally
during pregnancy could accelerate the progression of an
already existing retinopathy”’. The association between
pregnancy and nephropathy is related to an increased
albuminuria or alterations on glomerular filtration rate®.,
So far, the mechanisms linking pregnancy to both chronic
complications are still unclear and controversial. Some
studies showed an association between improvement
of glycemic control under intensive insulin therapy and
worsening of retinopathy but not nephropathy™?.

Other conditions involved in the pathophysiology of
diabetes-related chronic complications must be addressed
such as pre-pregnancy body mass index (BMI) and blood
pressure levels, which have been increasing in the last
three decades in some populations!'®. In a Swedish study,
it was found that the combination of T1D and overweight/
obesity confers a high risk for adverse outcomes, like
pre-eclampsia, that increases proportionally to BMIM*Y,
Otherwise, when women with T1D presenting the features
of metabolic syndrome become pregnant, they generally
have the coexistence of vascular complications!*?. It has
also been shown that women with T1D and pre-eclampsia
or pregnancy-induced hypertension present high risk of
severe retinopathy later in life™.

In the Eurodiab study a better glycemic control was
found among parous women than nulliparous, and
parity did not influence the levels of microalbuminuria
and preexisting retinopathy"*.. In a Finnish study it was
found a slower progression of retinopathy in parous
women than in nulliparous™’.

Considering the scarcity of data regarding the
relationship between parity, glycemic control and diabetes-
related chronic complications in women with T1D in Brazil,
the Brazilian Type 1 Diabetes Study Group (BrazDiab1SG)
conducted this survey aiming to analyze the impact of
parity in the above mentioned clinical conditions.

MATERIALS AND METHODS

Patients and methods
This was a multicenter, cross-sectional, observational
study conducted between December 2008 and December
2010 in 28 public secondary and tertiary care-level
clinics from the National Brazilian Health Care System,
located in 20 cities in all Brazilian geographic regions
(North/Northeast, Mid-West, Southeast, and South).
The details of the data collection methods have been
published previously!'®.. Two thousand and ten patients,
56% female (2010, 56% female) patients that were
diagnosed between 1960 and 2010 were included in the
study. Among the 2010 enrolled women, only those who
knew their age at menarche were included (n = 1532,
76.2%). Patients who did not have had menarche (n =
467, 23.2%) and women with incomplete information for
parity (n = 11, 0.5%) were excluded.

Each local ethics committees approved the study
(Appendix 1). All patients or their parents, when
necessary, signed a written informed consent agreeing
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with their participation in the study.

During a dlinical visit, a questionnaire was applied in
order to collect demographic, educational and economic
data. The following variables were assessed then: Age, age
at diagnosis, duration of diabetes, height (m), weight (kg),
blood pressure, parity, comorbidities, smoking status and
the use of metformin.

Data from the last clinical visit were obtained from
medical records such as levels of glycated hemoglobin
(HbA1c), fasting plasma glucose (FPG), total cholesterol,
low-density lipoprotein (LDL) cholesterol, high-density
lipoprotein (HDL) cholesterol, and triglycerides. Diabetes-
related chronic complications were screened in all
patients with diabetes duration longer than 5 years, such
as retinopathy (by fundoscopy; classified as absent,
non-proliferative or proliferative), clinical nephropathy
[according to American Diabetes Association (ADA)]
recommendations™”!, macrovascular diseases (clinical
coronary artery disease, stroke, and peripheral vascular
disease), and foot alterations. The following goals for
adequate metabolic control that are adopted by the ADA™”
were also adopted by the BrazDiab1SG: HbAlc at goal
was defined as HbA1c levels of < 58 mmol/mol (7.5%)
for patients with T1D between 13 and 19 years old; < 64
mmol/mol (8%) for patients between 6 and 12 years old;
between 58 mmol/mol (7.5%) and 69 mmol/mol (8.5%)
for patients < 6 years old; and < 53 mmol/mol (7%) for
adult patients™”. Poor glycemic control was considered as
having HbA1c levels higher than 75 mmol/mol (9%).

Hypertension was defined as a systolic blood pressure
(sBP) = 140 mmHg and/or diastolic blood pressure
(dBP) = 90 mmHg, use of antihypertensive agents or
self-reported for adults; in adolescents hypertension was
defined as a sBP or dBP = 95™ percentile for age, sex and
height!'”,

Overweight was defined as a BMI = 25 kg/m? and
obesity as a BMI = 30 kg/m? in adults™®. Overweight
was considered as a BMI of = 85" percentile for age and
gender, and obesity as a BMI of = 95" percentile for age
and gender for adolescents™,

In 1347 patients (88.0%), HbAlc was measured
using methods certified by the National Glycohemoglobin
Standardization Program (NGSP): High-performance
liquid chromatography in 733 patients (54.3%) and
turbidimetry in 614 patients (45.7%). Measurement of
HbA1c levels using methods that were not certified by
the NGSP and patients with no data on HbAlc levels or
use of methodology not certified by the NGSP were not
included in the analyses of glycemic control (n = 185,
12.0%). Enzymatic techniques were used to measure
FPG, triglycerides, HDL cholesterol, and total cholesterol.
Friedewald’s equation was used to calculate LDL chol-
esterol™?), Patients smoking more than one cigarette per
day at the time of the interview were considered as current
smokers.
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Sample calculation and economic status

The study sample calculation was done according to
a methodology described elsewhere!*®. Our sample
represented the distribution of T1D cases all over Brazil
that was estimated using the overall population distribution
reported in the 2000 Brazilian Institute of Geography and
Statistics Population Census (IBGE)”. These data were
combined with national estimates of diabetes prevalence
determined by a survey conducted in 1988 in order to
determine the minimum number of patients that should
be studied in each geographic region of the country®".,
Economic status was defined according to the Brazilian
Economic Classification Criteria'®”. This classification also
takes in account the education level: Illiterate/incomplete
primary education, complete primary education/
incomplete secondary education, complete secondary
education/incomplete high school, complete high school/
some college or college graduate. The following economic
status categories were considered: High, middle, low, and
very low”?,

Statistical analysis

The data were summarized as means (x SD) and
median (minimum-maximum) for continuous variables
and as counts (relative frequencies) for discrete variables.
Patients were stratified in five groups according to parity:
Group 0 (nulliparous), group 1 (1 pregnancy), group 2 (2
pregnancies), group 3 (3 pregnancies) and group 4 (= 4
pregnancies).

ANOVA test with Sidak correction was used. Test
for trend (linear association) was used to analyze the
association between parity and frequency of retinopathy,
albuminuria and hypertension. A multivariate random
intercept logistic regression model was performed with
retinopathy (yes/no) as the dependent (outcome) variable
and parity as the independent (exposure) variable.
Other independent variables, such as socioeconomic
status, ethnicity (Caucasian or non-Caucasian based on
self-reporting), age, duration of diabetes, HbA1c levels
and hypertension (yes/no) were also controlled in the
analysis. The same multivariate model was performed
with the following dependent variables: Hypertension
(yes/no), adding to the set of independent variables,
creatinine levels, BMI and smoking status and excluding
hypertension; macrovascular disease with the same
demographic variables above-mentioned as independent
variables adding to the model: Hypertension (yes/no),
HbA1lc and LDL-Cholesterol levels and smoking status
(yes/no). A random intercept multivariate linear regression
model was further applied to BMI as dependent variable
(three nested models were considered). All analyses
were performed using the SPSS version 17.0, SPSS,
Inc., Chicago, Illinois, United States, except the random
intercept models that were fitted using MLwWiN"*®". Odds
ratios (ORs) with 95%CIs, variance and standard error
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Table 1 Clinical and demographic data of the studied population

Variable
n 1532
Age, yr 252+10.6
Age at diabetes diagnosis, yr 114 +8.1
Age at menarche, yr 127+1.7
Duration of diabetes, yr 11.5+82
Ethnicity, n (%)"
Caucasian 907 (59.2)
Non-caucasian' 625 (40.7)
Geographic region, n (%)
Southeast 611 (39.9)
North/Northeast 454 (29.6)
South 367 (24.0)
Mid-west 100 (6.5)
Economic status
High 104 (6.7)
Medium 383 (25.0)
Low 533 (34.8)
Very low 512 (33.4)
Level of care, n (%)
Secondary 412 (26.9)
Tertiary 1117 (73.1)

Time of follow-up, yr 7.1 (<1 to 49)

Data are presented as number (percentage), mean + SD or median (minimum/
maximum). ! African-Brazilians, Mulattos, Asians, and Native Indians.

were calculated when indicated. A two-sided P value less
than 0.05 was considered significant.

The statistical review of the study was performed by
a biomedical statistician that is also a co-author (APL).

RESULTS

Overview of the studied population

Data were obtained from 1532 patients (excluded n =
478, 23.7%). The economic status of 1045 (68.2%) of
the patients was either very low or low. Table 1 lists the
demographic data of the studied population.

Overview of the studied population stratified according

to parity, demographics and socioeconomic status data

The comparison between the patients stratified according
to parity showed that patients from groups 0, 1 and 2
were younger than patients from group 4 (P < 0.001).
Patients from groups 0 and 1 had been diagnosed with
diabetes with lower age and had less duration of diabetes
than patients from the other groups (P < 0.001). A
difference between the five groups and geographic
regions of the country was observed, being the difference
accounted by Mid-West region, that had no patients in
group four. These data are described in Table 2.

Overview of the studied population stratified according
to parity, glycemic and cardiovascular risk factors
control

Overweight or obesity was noted in 538 patients (35.1%).
Patients from group 0 had lower BMI than patients from
the other groups. A linear association was found between
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the frequency of overweight or obesity and parity (P
= 0.004). Using a random intercept multivariate linear
regression model with BMI as dependent variable a
borderline effect for parity (P = 0.06) was noted after
adjustment for clinical and demographic data (model 2
and model 3). The significant effect of low insulin dose
and age persisted. The observed variability of BMI was
not attributable to centers. These data are described in
Table 3.

A lower level of HbAlc was found in patients from
group 2 in comparison to patients from group 0. No
differences between the five groups were observed for
the number of patients reaching the target of HbAlc. A
higher frequency of hypertension and higher levels of
sBP and dBP were observed in group 4 in comparison to
the other groups (P < 0.01 for all comparisons).

A higher HDL-cholesterol was observed in group 4 in
comparison to the other groups. No other difference in
lipid parameters was noted. Metformin was used by 162
(10.6 %) patients, and its use was related to parity (P =
0.02). The use of metformin was more frequently found
in patients from group 4 in comparison with patients from
groups 0, 1 and 3, respectively 9 (17.3%) vs 103 (10.2%)
vs 20 (8.4) vs 7 (7.4), P = 0.04. A higher insulin dose/
kg was used by patients from group 0 in comparison
to patients from the other groups. The demographic,
clinical, and laboratory data of patients stratified by parity
are described in Table 2.

Overview of the studied population stratified according
to parity and diabetes-related chronic complications
Overall, 1219 (79.7%) of the patients had criteria to be
screened for diabetes-related chronic complications. Parity
was related to the presence of diabetes-related chronic
complications both micro and macrovascular. Considering
women with information regarding retinopathy, (n =
1033, 84.7%) a lower frequency of non-proliferative
and proliferative retinopathy was noted in patients
from group 0 in comparison to the other groups (P <
0.01). A tendency for an association between parity and
nephropathy was observed (P = 0.08) in those patients
with information obtained in the previous year (n = 1041,
85.4%). These data are shown in Table 2.

Using a multivariate random intercept logistic
regression model with retinopathy as the dependent
variable no effect of parity was noted but the OR for
duration of diabetes and presence of hypertension
were 1.11 (95%CI: 1.08-1.14, P < 0.001) and 3.51
(95%CI: 2.42-5.08, P < 0.001), respectively. The other
independent variables did not reach statistical significance.
The same model with macrovascular disease as depe-
ndent variable also showed no effect of parity but the OR
for age was 1.067 (95%CI: 1.03-1.106, P < 0.0001),
while for HbA1c levels it was 1.166 (95%CI: 1.023-1.330,
P < 0.02) and for hypertension it was 2.29 (95%CI:
1.219-4.306, P < 0.02). The other independent variables
did not reach statistical significance.

In multivariate random intercept logistic regression
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Table 2 Clinical, demographic and laboratory data stratified by parity

Variable Parity
Group O Group 1 Group 2 Group 3 Group 4 'P-value
(nulliparous) (1 pregnancy) (2 pregnancies) (3 pregnancies) (= 4 pregnancies)
n (%) 1014 (66.2) 238 (15.5) 147 (9.6) 81 (5.3) 52 (3.4)
Demographic and economic status data
Age, yr 20.7+79 30.2+85 346+8.6 384+9.6 42.3 £10.7 < 0.001
<15 191 (18.7) 1(0.4) 0 0 0
15-30 706 (69.6) 117 (49.2) 42 (28.6) 12 (14.8) 6 (11.5)
=30 117 (11.5) 120 (50.4) 105 (71.4) 69 (85.2) 46 (88.5)
Duration of DM, yr 94+69 13.9+82 153 +£8.9 179+89 19.0+£10.7 < 0.001
Age at diagnosis, yr 112+ 64 162+ 84 19.2+8.1 20.5+9.3 233+88 <0.001
Ethnicity, yr (%) =* 0.7
Caucasian 606 (59.8) 144 (60.5) 83 (56.5) 47 (58.0) 27 (51.9)
Non-caucasian 408 (40.2) 94 (39.5) 64 (43.5) 34 (42.0) 25 (48.1)
Geographic region, n 0.001
Southeast 410 (40.4) 94 (39.5) 54 (36.7) 31 (38.3) 22 (42.3)
South 248 (24.5) 53 (22.3) 36 (24.5) 18 (22.2) 12 (23.1)
North/Northeast 309 (30.5) 69 (29.0) 39 (26.5) 19 (23.5) 18 (34.6)
Mid-West 47 (4.6) 22 (9.2) 18 (12.2) 13 (16.0) 0
Economic status (%) 0.5
High 72 (7.1) 16 (6.7) 8 (54) 5(6.2) 3(5.8)
Medium 273 (26.9) 56 (23.5) 29 (19.7) 18 (22.2) 7 (13.5)
Low 340 (33.5) 85 (35.7) 55 (37.4) 33 (40.7) 20 (38.5)
Very low 329 (32.4) 81 (34.0) 55 (37.4) 25 (30.9) 22 (42.3)
Glycemic control and insulin dose
HbA1c (%) 9.6+2.6 94+24 8.8+2.0 94+24 95+£2.0 0.02
HbA1lc (mmol/mol) 81.9+284 799 +26.3 734222 79.5+26.8 80.4+21.7
HbA1lc (good) 1 (%) 107 (11.9) 21 (10.3) 19 (14.6) 8 (11.3) 3 (6.5) 0.1
H1Ac (poor) 1 (%) 480 (53.5) 99 (48.8) 51 (39.2) 37 (52.1) 27 (58.7)
Insulin dose (U/kg per day) 0.98 +0.4 08+0.3 0.8+0.3 0.7+04 08+04 0.001
Metformin use, yr (%) 103 (10.2) 20 (8.4) 24 (16.3) 6 (7.4) 9 (17.3) 0.04
Cardiovascular risk factors
sBP (mmHg) 110.8 +14.6 117.5+15.7 119.6 £18.7 119.8 +18.9 124.0+214 <0.001
dBP (mmHg) 723+10.1 752+11.3 749 +11.5 759 +11.5 75.9 +10.2 <0.001
Hypertension, yr (%) 158 (16.6) 76 (32.2) 53 (36.3) 29 (35.8) 25 (48.1) <0.001
Cholesterol (mg/dL) 176.9 +43.7 186.4 +43.4 181.3 £41.6 182.3 £42.0 183.5 £ 44.5 0.055
Triglycerides (mg/dL) 98.7.4+75.0 102.0 £ 61.1 103.2 + 64.4 116.2 £110.6 105.8 £94.9 0.3
HDL cholesterol (mg/dL) 54.1+144 58.3+18.4 55.2+1538 55.3+153 615+17.4 0.01
Non-LDL cholesterol (mg/dL) 122.5+42.6 128.2+39.9 126.0 £41.0 1249 +41.2 122.8 +43.4 0.5
LDL cholesterol 103.8 +34.7 107.6 +35.5 105.5 £ 36.5 103.1 +£31.2 103.3 £37.6 0.7
BMI (kg/m’) 228+34 239+38 243+35 244+51 255+ 4.6 < 0.001
Overweight or obesity, 1 (%)' 338 (33.5) 153 (35.2) 56 (38.1) 36 (44.4) 25 (49.0) 0.004
Retinopathy, yr (%)’ <0.001
Absent 649 (86.9) 154 (73.3) 104 (77) 60 (76.5) 32 (65.3)
Non-proliferative 50 (6.7) 36 (17.1) 15 (11.1) 11 (14.1) 10 (20.4)
Proliferative 48 (6.4) 20 (9.5) 16 (11.9) 7 (9.0) 7 (14 3)
Nephropathy, yr (%)* 0.08
Absent 527 (70.7) 128 (60.7) 91 (67.4) 49 (62.8) 30 (61.2)
Microalbuminuria 90 (12.1) 43 (20.4) 17 (12.6) 12 (18.8) 8 (28.0)
Clinical nephropathy 23 (3.1) 9(4.3) 8(5.9) 3(4.7) 2(5.0)
Macrovascular complications, yes (%) 23 (3.1) 16 (7.6) 13 (9.6) 5(6.4) 7 (14.3) <0.001

"The P value is related to the comparison among all groups (ANOVA); ?African-Brazilians, Mulattos, Asians, Native Indians;

34,5

Retinopathy, nephropathy

and macrovascular complications were considered in patients with criterion to be screened (duration of diabetes = 5 years, n = 1219); ‘Overweight or
obesity were considered together. The data are presented as n (%) mean + SD or median (minimum/maximum). HbAlc: Glycated hemoglobin; LDL: Low-

density lipoprotein; HDL: High-density lipoprotein; BMI: Body mass index.

model with hypertension as the dependent variable the
OR for age was 1.041 (95%CI: 1.021-1.061, P < 0.001)
for duration of diabetes was 1.031 (95%CI: 1.012-1.056,
P < 0.005), for BMI was 1.069 (95%CI: 1.029-1.110, P =
0.005), and for plasma creatinine level was 2.280 (95%CI:
1.722-3.017, P < 0.001). The other independent variables
did not reach statistical significance.

A small variability attributable to centers was noted only
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for macrovascular disease with a variance and standard
error of 0.376 (0.276).

DISCUSSION

Our study showed an association between parity with
retinopathy, macrovascular disease and hypertension
that disappeared after adjustment for variables that
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Table 3 Effect of parity on body mass index evaluated by random intercept multivariate linear regression and adjusted for clinical

and demographic data

Variable Model 1 Model 2 Model 3 P value
Parity
Nulliparous (reference)
1 0.400 (0.278) 0.291 (0.276) 0.291 (0.277) NS
2 0.366 (0.350) 0.320 (0.347) 0.326 (0.350) NS
3 0.171 (0.456) 0.119 (0.453) 0.111 (0.454) NS
=4 1.013 (0.563) 1.029 (0.558) 1.051 (0.560) 0.06
Age 0.081 (0.014) 0.069 (0.014) 0.069 (0.014) NS
Duration of diabetes (yr) 0.007 (0.015) 0.011 (0.015) 0.013 (0.015) NS
Insulin dose (U/kg per day) -1.237 (0.253) -1.239 (0.254) (< 0.001)
Metformin use (yr) -0.960 (0.678) -0.994(0.679) NS
Economic status (classes) NS
High (reference)
Medium 0.677 (0.392)
Low 0.551 (0.386)
Very low 0.353 (0.397)
Ethnicity (non-caucasian) -0.028 (0.201) NS
Intercept 23.233 (0.166) 23.281 (0.171) 23.814 (0.377)
Variability attributable to centers
Variance 0.296 (0.148) 0.340 (0.161) 0.321 (0.155)
Variability attributable to patients
Variance 12.475 (0.456) 12.251 (0.448) 12.226 (0.447)
-2 x loglik 8.192.640 8167.357 8.163.366

Data are presented as B coefficient or variance (standard error); continuous independent variables are centered on the mean. Model 1: Adjusted for age

and duration of diabetes; Model 2: Adjusted for age, duration of diabetes, insulin dose and metformin use; Model 3: Adjusted for age, duration of diabetes,

insulin dose, metformin use, economic status and ethnicity. NS: Not significant.

could influence these outcomes, such as age, duration of
diabetes, plasma creatinine levels, HbA1lc, daily insulin
dose and use of metformin. However a borderline effect
of parity upon BMI was observed.

The impact of pregnancy and parity on the appearance
of diabetes-related chronic complications or the pro-
gression of its course is still a matter of controversy'.
Some studies have found no difference in the prevalence
of diabetes-related chronic complications between
nulliparous and parous women®*, less progression of
retinopathy in multiparous than in nulliparous women'™’
and even a limitations of the progression of nephropathy
and retinopathy probably due to a better glycemic
control found in parous women compared to nulliparous
woment*¥,

An unexpected finding was that a lower daily insulin
dose was associated with a higher BMI. The use of
metformin had no effect on BMI probably because the
majority of women with increased BMI were under the
use of metformin; the use of metformin in patients
with T1D has not its clear benefits well established
but a decrease in insulin daily dose has generally been
described™’.

Nevertheless, it is important to emphasize that the
absence of data on body weight before each pregnancy
and consequently the weight gain during each pregnancy
does not allow us to take any conclusions about this
relationship. However, recently a study®®® has shown
that around 20% of T1D patients have been diagnosed
with overweight/obesity. Although weight before the
diagnosis of diabetes was not recorded in our sample,
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more than one-third of the nulliparous women had
overweight or obesity. Overweight and obesity are
related to insulin resistance which is strongly associated
with cardiovascular disease™’. We have found no effect
of parity on cardiovascular disease in our study.
Considering microvascular complications, retinopathy
was the most prevalent diabetes-related chronic
complication associated with parity but after adjustments
for other clinical and demographic variables this
association did not show to be significant. Indeed, the
most significant variables related to retinopathy were
duration of diabetes and the presence of hypertension. The
majority of the studies relating pregnancy with retinopathy
were prospective and the results were controversial™>*.
The DCCT™ and the Eurodiab™ compared women
with incident pregnancies during the study period with
women who did not conceive. The DCCT study showed a
transient worsening of retinopathy, which disappeared 12
mo post-partum and the Eurodiab study did not find any
relationship between retinopathy and pregnancy. Indeed,
in the Eurodiab study™ the duration of diabetes and the
level of HbAlc were the most important predictors of
the occurrence of retinopathy. Two other recent studies
showed that progression of sight-threatening retinopathy
during pregnancy some years post-partum was related to
duration of diabetes, to the presence of macular edema
and higher blood pressure levels during pregnancy but
not to HbA1c levels™®®, Rosenn et al*®! performed a
large retrospective study with 776 nulliparous women and
582 parous women with T1D and have found an inverse
association with parity and the presence of retinopathy.
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Considering nephropathy, our data is in accordance
with the findings of Reece et al” that conducted a study
with 31 pregnancies complicated by nephropathy and
have found a significant increase in maternal blood
pressure, proteinuria and nephrotic syndrome in 71%
of pregnancies but no adverse effects of pregnancy
on the natural course of the underlying renal disease.
Miodovnik et af**! have followed a group of 182 pregnant
women with T1D, with and without nephropathy. They
have found that pregnancy does not increase the risk of
nephropathy and does not accelerate its progression.

These studies regarding the progression of retinopathy
and nephropathy were prospective. So, our results must
then be interpreted with caution due to its cross-sectional
design, that does not allow us to deny a causal relationship
between parity and occurrence/worsening of retinopathy
and nephropathy in our population. Nevertheless, many
women had already retinopathy and nephropathy
and also important risk factors for the development or
progression of both complications such as the presence of
overweight or obesity, hypertension, as described in other
studies[8,10—13,29,30] .

We should also take in account that for hypertension
parity did not reach statistical significance in multivariate
analysis. Indeed, age, duration of diabetes BMI, ethnicity
(Caucasian) and plasma creatinine levels were the most
important factors.

The main strength of our large sample size is that it
represents the diverse, young Brazilian population with
T1D, with a multi-ethnic and different socioeconomic
backgrounds. Also a uniform, standardized recruitment
protocol in all participating centers was used.

Finally, some limitations must be addressed in our
study. The mean age of our patients is around 25 years,
which could represent a short time frame to the appearance
of diabetes-related chronic complications. Additionally, we
do not have data about how long patients had the diagnosis
of diabetes at the time of each pregnancy, occurrence of
stillbirth, prematurity, neonatal mortality and no information
concerning screening for retinopathy and nephropathy
during pregnancies.

In conclusion, our data did not find an effect of
parity upon diabetes-related chronic complications and
hypertension, but a borderline effect on BMI. These
findings should allow us not to discourage women without
severe and progressive diabetes-related complications
to become pregnant if they reach and maintain a good
glycemic control. Further prospective studies must be
addressed to clarify the mechanisms underlying the
relationship between parity, and the appearance or
worsening of diabetes comorbidities and the effect of
parity on diabetes-related chronic complications.
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COMMENTS

Background
It is generally believed that pregnancy itself or an increasing number of
pregnancies might worsen diabetes-related chronic complications.

Research frontiers
So far, the mechanisms linking pregnancy to both chronic complications are still
unclear and controversial.

Innovations and breakthroughs

For a long time women with diabetes have been discouraged to become
pregnant regarding the possibility that an already existing complication might
worsen and new complications might appear during pregnancy. This study has
shown no relationship between higher parity and the worsening or appearance
of diabetes-related chronic complications.

Applications

This study showed an association between parity with retinopathy, macrovascular
disease and hypertension that disappeared after adjustment for variables that
could influence these outcomes, such as age, duration of diabetes, plasma
creatinine levels, HbA1c, daily insulin dose and use of metformin.

Peer-review

The manuscript is well written, and the study results and evaluation means
are well defined in detail. It provides additional information on a controversial
area, while suitably mentioning the shortcomings of the study as well. It will be
of good concern to clinicians/researchers working on this subject, while further
research will still be needed for clarification of the mentioned links, as the
authors also mention.
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