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Abstract: Background: Ambient temperature is predicted to rise in Saudi Arabia, and how this will impact the health
of its population has not been investigated. Saudi Arabia is one of the top ten countries with the highest prevalence
of diabetes. The current study investigates the correlation between ambient temperature and HbAlc levels in a
group of Saudis in Riyadh. Methods: Age, gender, and HbA1c data for six years were obtained from patients’ re-
cords. The maximum daily temperature of Riyadh city for the same period was obtained. Results: A total of 168,614
patient records were obtained. There was a statistically significant positive correlation between ambient tempera-
ture and HbAZ1c levels, where for each 1°C increase in average weekly temperature HbAlc increased by 0.007%.
Patients were at higher risk of having HbAlc > 7% in high and moderate temperature than in low temperature (P <
0.001, odds ratio (OR): 1.134, and P < 0.001, odds ratio (OR): 1.034; respectively). The mean of HbAlc in females
(7.27+£1.96) was significantly lower than in males (7.40+1.86), and the probability of males having HbAlc > 7%
was about 17.4% higher than females. However, the HbAlc levels in females were significantly more affected by
rising temperature compared to males (B = 0.003, P = 0.008). Conclusion: Overall, rise in ambient temperature is
associated with worsening HbA1c, which could be harmful to the health of Saudis suffering from diabetes. Possible
reasons for the increase in HbAlc could include reduced physical activity, reduced sunlight exposure, and dehy-
dration during hot weather. More research on the relationship between climate change and public health in Saudi
Arabia is needed.
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Introduction

According to the International Diabetes Fe-
deration (IDF), the prevalence of diabetes mel-
litus (DM) in adult Saudis in 2017 was 18.6%,
and is estimated to reach 23.8% by 2045 [1].
There is a linkage between genetic and risk fac-
tors such as obesity, physical inactivity, and
unhealthy diet, and the development of type 2
diabetes mellitus (T2DM) [2]. There is a world-
wide concern that the global increase in tem-
perature may adversely affect health [3, 4]. In
Saudi Arabia, there was an increase in the rate
of maximum temperature of 0.8°C per decade
over 1979 to 2009 [5], and this is predicted to
increase by 1.2°C-1.6°C during 2025-2044 [6].
The impacts of climate change on the health of
Saudis have not been thoroughly investigated,
and there are no studies that relate ambient
temperature with health of diabetics in this

population. There are studies in the literature
on other populations that have shown the rela-
tionship between ambient temperature and the
health of diabetics [7-13]. The prevalence of
T2DM was found to be positively associated
with increase in the ambient temperature in a
study conducted across the mainland USA [14].

Glycated haemoglobin (HbAlc) is a primary
marker for the diagnosis of diabetes; it mirrors
the average of plasma glucose over the previ-
ous 8-12 weeks [15]. It has been reported that
plasma glucose levels reflect 50% of the HbAlc
levels during the past 30 days [16]. Indeed, for
each 1% decrease in HbAlc level, myocardial
infarction declines by 14%, microvascular com-
plications reduce by 37%, and diabetes-related
deaths decrease by 21% [17]. Different factors
have been reported to modulate HbAlc levels,
such as weather (seasons) [7-13], and social
events and holidays [18-20].
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The main aim of this study was to investigate
the impacts of ambient temperature on HbAlc
levels in a Saudi population from Riyadh city.
This was carried out by correlating temperature
with HbA1c levels over six years.

Methodology
Study setting and design

This was a retrospective study conducted at
the Security Forces Hospital in Riyadh, Saudi
Arabia. Data of all patients who had their HbA1c
analysed between the period from 15 No-
vember 2012 to 09 September 2018 were
retrieved from the patients’ medical records.
These data covered six Hijri years. Hijri year
consists of 12 lunar months in a year (354 or
355 days). The collected data contained infor-
mation regarding gender, age, nationality,
HbAlc results, and the result date. The data
were grouped in Hijri months, and then each
month was grouped to four weeks. Only data
from adult (= 18 years) Saudis were included in
the analysis. HbA1c results are expressed in
percentage (%) and were measured using a
high-performance liquid chromatography in-
strument Tosoh G8 (G8 HPLC Analyzer, Tosoh
Bioscience Inc., CA, USA). Additionally, the max-
imum daily temperature in degrees Celsius (°C)
for Riyadh city was obtained from the General
Authority of Meteorology and Environmental
Protection (GAMEP), Saudi Arabia, for the study
period. The obtained ambient temperature was
grouped in Hijri months and each month was
grouped to four weeks. From this, the average
weekly maximum temperature (AWMT) was
calculated.

Data analysis

Data were analysed using SPSS software ver-
sion 25 (IBM Corporation, Armonk, NY, USA).
Descriptive statistics analysis was reported for
the study outcomes where mean + standard
deviation (SD) was used for continuous vari-
ables, while counts and percentages were used
for the categorical variables. HbA1c data were
non-normally distributed, and therefore were
transformed using a two-step transformation
approach suggested by Templeton to assume
adequate normality [21]. The transformed
HbA1c variable was used in all analysis. The
average weekly maximum temperature was
categorized into three equal cut-off points: high
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(> 35.8°C), moderate (26.1°C-35.8°C), and low
(< 26.1°C). Welch’s ANOVA with post hoc analy-
sis using Games-Howell tests were performed
to determine if there were differences in the
mean of HbAlc values between months and
different temperature categories. Unpaired
t-tests were used to assess the differences
between groups and subgroups. Multiple linear
regression model was carried out to determine
the association between HbAlc as dependent
variable, and the AWMT, age, gender, and inter-
action terms as independent variables. Inte-
raction between age and AWMT (age*AWMT),
and gender and AWMT (gender*AWMT) were
added to the previous linear regression model
to evaluate how age and gender moderate the
AWMT as a predictor of HbAlc level. Prior to
this model, mean age, mean gender, and mean
AWMT were centred to decrease the possibility
of multicollinearity between interaction terms
included in this model. These centred means
were used in the multiple linear regression
model. Subsequently, a logistic regression
model was used to find the odds ratio (OR) and
95% confidence intervals (95% Cls) for the
chance to have HbAlc > 7% (poor glycaemic
control). In this model, HbAlc > 7% was set as
the dependent variable, and AWMT (categorical
variable), age, and gender as independent vari-
ables. Chi-square test was used to assess the
significant variances between groups and sub-
groups of the categorical variables. Correlations
between continuous variables were assessed
by using Pearson Correlation. P < 0.05 (two-
tailed) was considered significant for all tests.

Results

A total of 168,614 patient records were eligible
and included for the analysis in this study. Table
1 describes the demographics of the study
population. In term of gender, 56.44% (n =
95162) belonged to females and 43.56% (n =
73452) were males. Patients’ age ranged from
18 to 119 years old, and the mean age + SD
was 54.21+15.60 years. The overall mean
HbA1c (%) + SD in all patients was 7.32+1.92
(male = 7.40+1.86; female = 7.27+1.96). The
mean HbALc in females was significantly lower
than in males (P < 0.001). The distribution of
HbAlc categories significantly differed between
genders (P < 0.001).

The AWMT ranged from 16.26°C to 45.59°C
during the study period, with an overall mean *
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Table 1. Baseline characteristics of patient records (n = 168,614)

Gender (Mean + SD or n (%))

Total (n=168,614) P Value
Female (n =95,162) Male (n=73,452)

Age (years) 54.21+15.60 53.94+15.61 54.56+15.58 <0.0012
18-24 9,419 (5.59) 5,457 (3.24) 3,962 (2.35) < 0.001°
25-39 19,283 (11.44) 10,834 (6.43) 8,449 (5.01)

40-49 29,261 (17.35) 16,897 (10.02) 12,364 (7.33)
50-59 48,005 (28.47) 27,695 (16.43) 20,310 (12.05)
60-69 36,220 (21.48) 19,806 (11.75) 16,414 (9.73)
70-79 18,760 (11.13) 10,272 (6.09) 8,488 (5.03)
>80 7,666 (4.55) 4,201 (2.49) 3,465 (2.05)

HbA1c % 7.32+1.92 7.27+1.96 7.40+1.86 < 0.0012
<57 31649 (18.77) 19368 (11.49) 12281 (7.28) <0.001°
5.7-6.49 26566 (15.76) 15255 (9.05) 11311 (6.71)
6.5-8.99 78575 (46.60) 42558 (25.24) 36017 (21.36)

9-11.99 30360 (18.17) 17313 (10.27) 13317 (7.90)
>12 1194 (0.71) 668 (0.40) 526 (0.31)

2P values based on unpaired t-test. "Chi-square test was used. SD, standard deviation.
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Figure 1. Correlation between the mean of monthly HbA1c levels and the

mean of monthly maximum temperature.

SD of 32.68+8.64°C. Figure 1 shows a signifi-
cant positive correlation between the mean of
HbAlc and the mean of AWMT over consecu-
tive six years in Riyadh city (r = 0.031, P <
0.001). The mean of HbA1c gradually increased
from low-temperature months to high-tempera-
ture months. However, this relationship was
disrupted by the month of Ramadan even
though this month coincided with a high-tem-
perature period. The mean of HbAlc declined
during the month of Ramadan reaching the low-
est level compared to other months of the Hijri
year.

Table 2 presents the means of HbA1c and tem-
perature in each month. Comparisons of HbA1c
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HbAlc was observed during
the low-temperature period. The
mean of HbA1c in low tempera-
tures was significantly lower than
during high temperatures and non-significantly
lower than in moderate temperatures, (P <
0.001 and P = 0.143; respectively). Mean of
HbAlc in moderate temperatures was signifi-
cantly lower than in the high-temperature cate-
gory (P < 0.001). Figure 2 shows the relation-
ship between the mean of HbA1c and different
levels of temperature. The mean difference in
HbAlc between high temperature and low tem-
perature was 0.14%, between moderate tem-
perature and low temperature was 0.02%, and
between high temperature and moderate tem-
perature was 0.12%.

Multiple linear regression model was carried
out to determine the association between
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Table 2. The monthly mean of HbAlc, and maximum temperature for six years in a Saudi population from Riyadh city (n = 168,614)

Month Mean HbAlc (%) + SD Temperature (°C) (mean £ SD)
Total Female Male Yearone  Yeartwo Yearthree Yearfour Year five Year six
Muharram 7.26+2.01 7.18+2.06 7.36+1.94 7.59+1.79 7.56+1.77 7.46+2.13 7.02+1.86 6.84+2.14 7.71+1.78 31.57+4.70
Safar 7.24+1.92 7.18+1.95 7.33+1.86 7.69+1.76 7.52+1.77 7.26+1.84 7.07+1.89 6.98+2.07 7.36+1.86 25.27+4.90
Rabi’ al-Awwal 7.17+£2.02 7.08++2.07 7.28+1.95 7.59+1.85 7.75+1.74 6.71+2.16 6.86+2.08 7.02+2.07 7.42+1.81 21.45+2.51
Rabi’ al-Thani 7224199 7.17+2.03 7.28+1.94 7.95+1.75 7.63+1.90 6.76+2.04 6.97+2.01 7.11+2.06 7.39+1.79 23.80+3.16
Jumada al-Ula 7.3311.96 7.2842.00 7.40+1.91 7.83+2.05 7.85+1.67 6.97+1.95 7.18+1.90 7.13+2.10 7.39%1.85 24.47+4.84
Jumada al-Akhirah 7.40+1.92 7.32+1.96 7.50+1.87 8.00+1.97 7.65+1.72 7.13+1.98 7.24+1.96 7.37+1.93 7.32+1.91 30.07+4.08
Rajab 7.40+1.85 7.36+1.90 7.46+1.79 7.73+1.97 7.53+1.72 7.06+1.90 7.39+1.97 7.48+1.80 7.36+1.81 36.15+3.25
Sha’ban 7.41+1.81 7.36+1.84 7.49+1.77 7.67+1.80 7.47+1.75 7.35+1.83 7.29+1.93 7.46+1.76 7.36+1.81 39.83+2.86
Ramadan 7.13+1.98 7.06+2.03 7.21+1.92 7.52+1.78 7.41+1.92 7.29+1.98 6.70+2.25 7.21+1.90 6.85+1.89 42.26+1.95
Shawwal 744+1.80 7.39+1.86 7.49+1.72 7.80+1.70 7.45+1.71 7.45+1.78 7.43+1.89 7.50+1.83 7.12+1.81 44.12+0.92
Thul-Qi’dah 7.38+1.80 7.35+1.85 7.42+1.74 7.66+1.73 7.46+1.74 7.15+1.84 7.43+1.87 7.64+1.72 7.02+1.84 43.56+2.08
Thul-Hijjah 7.46+£1.89 7.39+1.93 7.54+1.83 7.61+1.77 7.84+1.75 7.26+1.89 7.16+2.06 7.73+1.80 6.97+1.92 38.98+3.35
Total 7.32+1.92 7.27+1.96 7.40+1.86 7.74+1.84 7.60+1.76 7.14+1.97 7.16+1.97 7.26+1.97 7.30%+1.85 32.68+8.64

SD, standard deviation.
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7.45 - 0.001. Then, post hoc comparisons,
using the Games-Howell post hoc
7.4+ measure, shown that the mean of
= HbAl1c during the month of Ramadan
% 7.35 was significantly lower than all other
g months except with the months of
E 731 Rabi’ al-Awwal and Rabi’ al-Thani
é where the reductions were non-signifi-
7.251 cant (P = 0.997 and P = 0.188;
respectively).
72

Low Moderate

Temperature category (°C)

Figure 2. Relationship between the mean of HbAlc and different
temperature levels [high (> 35.8°C), moderate (26.1°C-35.8°C),

and low (< 26.1°C)].

HbA1c levels and the average weekly maximum
temperature. This revealed that 8.2% (R? =
0.082) of the variance in HbAlc was explained
by the regression model. The AWMT significant-
ly contributed to the model (B = 0.007, P <
0.001). This indicates that for each 1°C
increase in the AWMT, the HbA1c increases by
0.007%. For further statistical analysis, HbAlc
values were divided into two groups (HbAlc <
7% and HbAlc > 7%, good glycaemic control
and poor glycaemic control; respectively) [22].
Subsequently, binary logistic regression mod-
els were conducted to determine the odds ratio
(OR) for the patients at risk of having an HbAlc
> 7 with the different levels of AWMT as a cat-
egorical variable. The binary logistic regression
analysis showed that the high-temperature cat-
egory and the moderate temperature category
were significant predictors for HbAlc variability
of having an HbAlc > 7% [Chi-Square=
13651.31, df =4 and P < 0.001]. All predictors
explained 10.4% (Nagelkerke R?) of the variabil-
ity of HbA1 for HbAlc > 7%. High temperature
significantly contributed to the model (P <
0.001), and the odds ratio (OR) was 1.134 (95%
Cl 1.107-1.162) to have HbAlc > 7% compared
to low temperature. Similarly, moderate tem-
perature significantly contributed to the model
(P =0.012), and the odds ratio (OR) was 1.034
(95% Cl 1.007-1.062).

The observed decline in HbAlc during the
month of Ramadan was investigated by con-
ducting the Welch’'s ANOVA test between
months, which indicated that there were signifi-
cant differences in the mean of HbA1c between
months, Welch’s F (11, 168602) = 40.19, P <

885

High

There was a significant positive corre-
lation between the mean HbA1c and
age (r = 0.282, N = 168,614, P <
0.001). Age contributed significantly
to the multiple linear regression model
(B = 0.035, P < 0.001), and for each
extra year in age, HbAlc increases by
0.035%. The interaction between age and
AWMT did not contribute significantly to multi-
ple linear regression (P = 0.252). This reveals
that age did not moderate the association
between AWMT and HbA1c level. For each addi-
tional year in age, the odds of having HbAlc >
7% are higher by an odds ratio (OR) of 1.039
(95% CI 1.038-1.040). Interestingly, the mean
of HbAlc in males (M = 7.40, SD = 1.86) was
significantly higher than in females (M = 7.27,
SD = 1.96), P < 0.001, with mean difference
0.13%. Gender contributed significantly to the
multiple linear regression model (B =-0.112, P
< 0.001). This indicates that if the gender was
female, the HbAlc decreased by 0.112%. The
interaction between gender and AWMT signifi-
cantly contributed to the multiple linear regres-
sion model (B = 0.003, P = 0.008). This shows
that if the gender was female, HbAlc increased
by 0.003% more than in males for each 1°C
increase in AWMT. Additionally, the binary logis-
tic regression model indicated that gender was
a significant predictor for having an HbAlc > 7%
(P < 0.001). The odds ratio (OR) for males to
have HbAlc > 7% was 1.174 (95% Cl 1.151-
1.198) more than females.

Discussion

Recently, researchers have shown an increased
interest in assessing the impact of climate
change on health [3, 23, 24], including diabe-
tes [8, 25-27]. It has been reported that Saudi
Arabia is predicted to see an increase in tem-
perature, but as yet the impact of this on the
health of its population has not been investi-
gated. To the best of our knowledge, this is the
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first study to assess the impact of ambient tem-
perature on HbAlc levels for a population in
Saudi Arabia.

The findings of the current study suggest that
ambient temperature has a significant impact
on HbAlc levels in the study population with
worsening of HbAlc levels at higher tempera-
ture. The findings of this study are consistent
with previous studies. For example, Blauw et al.
[25] reported that the global prevalence of glu-
cose intolerance and age-adjusted diabetes
incidence in the USA increased with increase in
outdoor temperature. A recent study demon-
strated that fasting plasma glucose, two hours
of plasma glucose, and insulin resistance were
positively correlated with ambient temperature
[26]. However, some studies have reported dif-
ferent patterns of the seasonal variations in
HbAZlc. For example, low HbAlc levels or fast-
ing plasma glucose were observed in high tem-
peratures [7, 9-12, 27, 28]. This apparent con-
tradiction with our study could be explained by
the fact Riyadh has a much hotter climate com-
pared to the regions investigated in these previ-
ous studies. There are two types of studies
reported in the literature regarding tempera-
ture-induced effects on HbA1c levels in humans
and these are discussed below.

One type of study investigated HbAlc levels in
different climatic zones for different popula-
tions. For example, Blauw et al. [25] analysed
diabetes incidence and the prevalence of glu-
cose intolerance in different temperature zones
represented by different countries as well as
different states of the USA. They found that dia-
betes incidence and the prevalence of glucose
intolerance was higher in locations with a high-
er ambient temperature. Additionally, a positive
correlation between ambient temperature and
the prevalence of deglycation and insulin resis-
tance was reported in different parts of Spain
[26].

The other type of studies monitored the HbA1c
levels for the same population residing in the
same region, but the HbA1c levels were deter-
mined in different seasons [7, 9-12, 27, 28].
These latter studies are similar to ours and yet
show contradictory results. This could be
explained by the fact that our study location
has a much higher ambient temperature than
the regions investigated in the latter studies.
For example, the average hot temperature in
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Riyadh for our study was 41.4°C while in some
settings of these contrary studies it was 26°C
[12] in China, 28.4°C in Taiwan [9], 22.3°C in
Australia (Wollongong city) [10] and 25.7°C in
Portugal [28]. The common reason provided in
most of these contrary studies, for tempera-
ture-induced changes in HbAlc levels, was
variations in physical activity. Physical activity
increases the usage of glucose by body cells
and muscles to produce energy that can result
in a decrease in blood glucose which reflects
HbAlc levels. The finding of our study suggests
that as the temperature gets extremely hot,
people are less physically active in Riyadh, and
this contributes toward raised HbAl1c levels.
Therefore, the impact of hot weather on health
is modulated by the extremes of temperature.
In a city such as Riyadh, where the temperature
in the summer can reach as high as 46°C, out-
door activities are much lower in hot weather
compared to the cooler periods [29]. Indeed,
this explanation is consistent with previous
studies that found the weather is one of the
obstacles to physical activity. Amin et al. [29]
found, in a study conducted on Saudis, that the
weather was a barrier for performing physical
activity in 65.9% of the participants. The weath-
er, especially extremely hot weather, has been
reported as one of the most common barriers
to physical activity in Arabia adults [30].

In extreme hot ambient temperatures, as in this
study where maximum weather temperature in
summer can reach 46°C, people may avoid
exposure to sunlight. In a recent cohort study,
exposure to bright sunlight has been found to
be negatively correlated with insulin resistance,
where insulin  sensitivity increased with
increased time of exposure to bright sunlight
and beta-cell function was improved [31].
Therefore, the extremely hot temperatures
might prevent exposure to bright sunlight,
which may lead to elevated HbA1c levels, and
this could be a second reason for the observed
high HbA1c levels in hot temperatures.
Dehydration is common in hot weather, which
could be another factor for the elevated HbAlc
levels that were observed in hot temperatures.
The reason for the elevated HbA1c levels in hot
temperatures is that the dehydration might be
due to increase in blood glucose that results
from glycogenolysis in the liver induced by the
vasopressin  hormone [32], which can be
induced by dehydration [33, 34]. A further pos-
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sible reason is the thermogenic brown adipose
tissue (BAT) which utilises glucose for energy
production, and improved insulin sensitivity
and glucose homeostasis [35, 36]. The BAT
was found to be affected by ambient tempera-
ture changes and becomes more active in a
cold environment [37-41], which can support
our findings that low HbAlc levels were
observed in the low-temperature period.

The observed sharp drop in the mean of HbA1c
during the month of Ramadan could be due to
fasting during Ramadan, which is strikingly con-
sistent with numerous studies that have shown
that Ramadan fasting gives a definite reduction
in HbAlc values of diabetic patients [42-44].
However, Ramadan can be associated with
some alterations in the lifestyle such as dietary
intake, sleeping and physical activity. Previously,
non-significant differences have been found in
physical activity or food consumption between
Ramadan and non-Ramadan periods in a study
conducted on healthy men in Riyadh [45], and
in a study conducted on individuals with T2DM
in Riyadh [46]. Furthermore, a significant
decline in HbA1c was reported in non-insulin-
dependent diabetic Jordanians who did not
change their dietary intake [47]. Therefore, the
decline in HbA1c during Ramadan might be due
to the positive impact of fasting on health and
particularly HbA1c.

Intermittent fasting and low calorie diet have
been found to be effective in the management
of type 2 diabetes mellitus in both human and
animals [48-50]. In a recent study, alternate
day fasting in healthy middle-aged people was
found to be safe and beneficial in improving
cardiovascular markers, reducing fat mass,
and improving other markers of general health
[51]. The month of Ramadan involves a type of
intermittent fasting when adult Muslims fast
(abstaining from eating foods, drinking, smok-
ing etc.) from dawn till dusk for 29-30 days.
Therefore, the marked reduction in Hbalc lev-
els during the month of Ramadan is interesting
and suggests that fasting and other activities
performed during this month may offer health
benefits that need further investigation in the
future.

The current study demonstrated that the mean
of HbAlc positively correlated with age, and
that the mean HbAZ1c in males was significantly
higher than in females. These findings agree
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with previous studies [52, 53]. The former find-
ing is expected because age is one of the risk
factors for T2DM [54], while the gender varia-
tion in HbA1c could be as previously discussed
in our previous study due to the menstrual cycle
in women [55]. Although the mean of HbAlc in
females was significantly lower than males, the
negative impact of ambient temperature on
HbAlc in females was significantly higher than
in males. This impact because the sweating
rate is lower in females than in men [56, 57]
making females more susceptible to the effects
of heat [58, 59]. This agrees with a recent study
by Achebak et al. [60] who reported that the
effect of warm temperatures on cardiovascular
deaths was higher for women compared to men
in all age groups. Further possible reasons
could be due to: females being generally less
active than males [61], especially in hot tem-
perature; and avoidance of sun exposure for
cosmetic purposes. Avoidance of exposure to
sunlight for beauty purposes was considered a
likely cause of the higher prevalence of vitamin
D deficiency that was found among females
than males in Riyadh [62]. Therefore, females
are likely to have lower exposure to the sun
than males in Riyadh, that becomes worse with
increasing temperature. This could increase
the negative impact of hot ambient tempera-
ture on HbA1c in females compared to males.

Strengths and limitations

To the best of our knowledge, this study is the
first to investigate the impact of climate on
health outcomes for a Saudi Arabia. The study
is limited by the fact the data used are hetero-
geneous, containing HbA1c results of both dia-
betics and non-diabetics. If more clinical infor-
mation such as BMI, diabetes duration, and
treatment regimens were available and includ-
ed in this study, the impact of other confound-
ing factors could be investigated.

Conclusion

This study shows that a rise in ambient temper-
ature correlates with a worsening of HbA1c lev-
els. This is a cause for concern since Saudi
Arabia already has one of the highest preva-
lences of diabetes, and temperature in the
region is predicted to rise 1.6°C by 2044.
Therefore, the rising temperature could further
increase the prevalence of this disease and
adversely affect those who already have the
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disease. Possible causes for the elevated
HbAlc levels, observed in the hot weather,
include reduced physical activity, reduced sun-
light exposure, and dehydration. There were
positive effects of Ramadan fasting on HbA1c
levels even though Ramadan occurred during
the hot weather period. The marked reduction
in Hbalc levels during the month of Ramadan
is interesting and suggests that fasting and
other activities performed during this month
may offer health benefits.
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