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Abstract

Background Carbohydrates are the primary energy source in Asian countries, including Iran. An emerging method
can be used to measure the quality of carbohydrates, including the carbohydrate quality index (CQI), which includes a
variety of components. Low-carbohydrate diet score (LCDS) has been proposed as a new method of scoring micronu-
trient intake that could provide a reasonable explanation for the link between diet and the risk of chronic diseases.

Objective This study aimed to investigate the relationship between CQI, LCDS, glycemic index (Gl), glycemic load
(GL), insulin load (IL), and insulin index (Il) with bone mass density (BMD) in postmenopausal women.

Method In this case—control study, 131 postmenopausal women with osteoporosis/osteopenia and 131 healthy
postmenopausal women aged 45-65 participated. The dual-energy X-ray absorptiometry (DEXA) method measured
the BMD of the lumbar vertebrae and femoral neck. A validated semi-quantitative food frequency questionnaire was
used to assess dietary intake. Logistic regression were used to evaluate the relation between Gl, GL, II, IL, CQl, and
LCDS with BMD.

Results Diets with higher Gl increased the risk of osteopenia and osteoporosis, but LCDS and CQI decreased the risk
of osteopenia and osteoporosis.

Conclusion These findings suggest that a higher intake of fruits and vegetables and receiving various dietary vita-
mins, minerals, and antioxidant compounds may be a useful way to prevent osteopenia in Iranian women.

Keywords Carbohydrate quality index, Low-carbohydrate diet, Glycemic index, Glycemic load, Insulin load, Insulin
index, Bone density
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Introduction

Carbohydrates are the primary energy source in Asian
countries, including Iran, due to the consumption of
high amounts of potatoes, rice, and grains. It has been
reported that increased carbohydrate consumption has
adverse health effects because of increased energy intake
and glycemic load (GL) response [1]. Carbohydrates are
known to be the underlying cause of metabolic disorders,
while less emphasis is considered on the carbohydrate
source. In this line, higher consumption of whole grains,
dietary fiber, and cereal fiber and a lower intake of refined
grains and added sugar is associated with fewer disorders
[2]. Therefore, as an indicator of carbohydrate quality,
whole grains, and total dietary fiber have a more impor-
tant role in determining health than the carbohydrate
quantity [2—4].

Traditional methods were used to determine the quality
of the carbohydrates, including the ratio of total carbohy-
drates to total dietary fiber (carb-to-fiber) or the ratio of
total carbohydrates to cereal fiber (carb-to-cereal), which
are associated with an increased risk of metabolic disor-
ders [2]. However, an emerging method can be used to
measure the quality of carbohydrates, including the car-
bohydrate quality index (CQI), which includes a variety
of components such as dietary fiber, glycemic index (GI),
whole plus refined grain, and solid to total carbohydrate
ratio [2, 5]. Various studies have shown that a diet with
higher CQI leads to higher-quality carbohydrate intake,
which is associated with a reduced risk of metabolic dis-
orders [2, 6-8].

As part of a dietary carbohydrate quality classification,
the GI classifies the effects of various foods based on
their carbohydrate absorption and glycemic response. A
diet with a higher GI has been shown to include a higher
intake of refined grains and a lower intake of whole grains
and cereal fiber, which ultimately leads to an increased
risk of various disorders and higher mortality [9]. Also,
Shahdadian et al. have reported an association between
GI and mortality in women [10]. These effects are associ-
ated with elevated glucose and insulin levels in response
to higher GI diets. Because higher glucose levels induce
oxidative stress and inflammation, decrease osteoblast
activity, and increase bone resorption due to the induc-
tion of acidosis, adversely affecting bone health [11].

Evidence has shown that a high-carbohydrate diet
or more consumption of white rice with a low-fat diet
plays an essential role in the development and manage-
ment of various disorders in Asian countries [1, 12]. In
this view, the effects of micronutrient intake on dietary
patterns play an important role in assessing the relation-
ship between diet and disease [1]. Low-carbohydrate
diet score (LCDS) has been proposed as a new method
of scoring micronutrient intake that could provide a
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reasonable explanation for the link between diet and the
risk of chronic diseases [1, 13, 14]. LCDS is associated
with lower carbohydrate intake and higher fat and pro-
tein intake and defines the ratio of all macronutrients in a
dietary pattern [1].

Since no study has been done in this field so far, the
purpose of this study was to investigate the relationship
between CQI, LCDS, GI, insulin load (IL), and insulin
index (II) with bone mass density (BMD) in postmeno-
pausal women.

Methods

Study population

In this case—control study, 131 postmenopausal women
with osteoporosis/osteopenia without fracture and 131
healthy postmenopausal women aged 45—-65 participated.
These women were selected from the Bone Densitometry
Center in Isfahan city, Iran, from May 2021 to December
2021. The sample size was computed based on the pre-
vious research, considering OR=2.30 [15]. Menopause
was determined as the absence of a menstrual cycle in the
last twelve months. The study exclusion criteria included
premenopausal, alcohol and glucocorticoid consumption,
diabetes, rheumatoid, cancer, renal disease, and history
of chemotherapy (Fig. 1). Some detailed of the study have
been published previously [16].

Participants’ body weight was measured with a digital
scale and noted with a precision of 100 g. A stadiometer
measured height with an accuracy of 0.5 cm, and then
body mass index (BMI) was determined. Some informa-
tion, such as sociodemographic variables, smoking, and
use of drugs or supplements, was gathered by a general
information questionnaire.

The dual-energy X-ray absorptiometry (DEXA) method
measured the BMD of the lumbar vertebrae and femoral
neck (the device model was Horizon Wi (S/N 200451)).
The status of bone mass was assessed by the World
Health Organization (WHO) criteria (T score greater
than — 1 means normal bone mass, T score between
— 1 and — 2.5 means osteopenia, and T score less than
— 2.5 means osteoporosis) [17]. If a physician identified
osteoporosis and osteopenia, they were selected for the
case samples, and their controls were selected without
osteoporosis.

The physical activity level was gathered by the inter-
national physical activity questionnaire (IPAQ) [18].
According to metabolic equivalent of task [3]-min-
utes and standard protocol, women were placed into
three groups (less than 600 metabolic equivalent of task
(MET)-minutes/week: low activity, 600-3000 MET-min-
utes/week: moderate activity, and more than 3000 MET-
minutes/week: intense activity).
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Agreed to participate (n=804)

Excluded (n=542):

Premenopausal (n=70)
Use of glucocorticoids (n=250)
Use of alcohol (n=10)

History of disease (diabetes, renal disease,
rheumatoid, cancer) (n=200)
Under-reporting or over-reporting of calorie
intake (n=12)

l

Cases (n=131) "

Osteoporosis/osteopenia

\
-

Fig. 1 Flow chart of the study

Dietary assessment and food grouping

Participants completed a validated food frequency ques-
tionnaire (FFQ) [19]. Baseline dietary intake data which
was taken from food composition tables, was used to
recognize CQI according to the four criteria: the GI, the
ratio of carbohydrates of whole grains to carbohydrates
of total grains, the proportion of solid carbohydrates to
total carbohydrates, and total dietary fiber intake. Liquid
carbohydrates such as fruit juice and sugar-sweetened
beverage consumption, while solid carbohydrates were
matched to the carbohydrate content of the rest of the
meal with each carbohydrate content. The total score
range was between 4 and 20 (higher amounts mean bet-
ter quality of carbohydrates) [7, 20].

For calculating the LCDS, all participants were divided
into 11 strata for carbohydrate, refined grains, monoun-
saturated fatty acid (MUFA), vegetable protein intake,
fiber (g/1000 kcal), GL, and polyunsaturated fatty acid
(PUFA)(n3/n6) [14]. For MUFA, n3/n6 PUFA, fiber, and
vegetable protein, participants in the highest stratum got
10 points and lowest stratum got O points. For refined
grains, GL and carbohydrates, the intake of the lowest
carbohydrate got 10 points and the intake of the highest
carbohydrate got O points. Finally, the overall diet score
was between 0 (the lowest intake of protein and fat and

!

} Control (n=131) ‘

Without
Osteoporosis/osteopenia

the highest intake of carbohydrates) and 70 (the highest
intake of protein and fat and the lowest carbohydrates).
So the higher the score, the higher the low-carbohydrate
diet pattern named “LCDS".

GI was calculated from this formula: (GI x available
carbohydrate)/total available carbohydrate. Available car-
bohydrate means total carbohydrate minus fiber [21]. The
United States Department of Agriculture food composi-
tion table was used for total carbohydrate and fiber con-
tent. Iranian GI table was just used for 6 out of 85 foods
[21]. For 62 other foods, international tables were used
[21], and for 17 foods, we used similar foods because
the GI of these foods was not accessible. The GL was
calculated from this formula: (total GI x total available
carbohydrate/100).

II refers to the increase in insulin level under the curve
during 2 h in reaction to 1000 kJ of test food divided by
the area under the curve after consumption of 1000 kJ of
reference food. Previous studies were used to obtain the
II. IT of similar foods was used for some items that were
not in the list of foods based on the relationship between
carbohydrate, fiber, protein, fat, and energy content. For
example, raisins were used for dates. To assess IL for each
person, IL was calculated (II of the food X energy of one
gram of that food x amount of the food eaten) then the IL
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of each food was summed and then II was calculated (IL/
total energy intake) [22-25].

Ethics statement

The protocols of this study were confirmed by the Ethical
Committee of Tabriz University of Medical Sciences (IR.
TBZMED.REC.1400.114), and all individuals completed
written consents.

Statistical analysis

We used SPSS (version 24.0, SPSS Inc., Chicago IL, USA)
for statistical analysis. Also, figure depicted by R software
version 3.0.2. A p-value less than 0.05 was considered
statistically significant. For evaluating the normal distri-
bution of data, the Kolmogorov—Smirnov test was used.
Means and standard deviations (SDs) were used for the
continuous variables, and frequencies or percentages
were used for the categorical variables. We used an inde-
pendent samples T-test to analyze of nutrients and food
items intake between the case and control.

Moreover, the crude and two adjusted model logistic
regression were used to evaluate the relation between
BMD and CQIL The effects of BMI and age were con-
trolled in the first adjusted model. In the second model,
the role of income, education, physical activity, calcium,
and vitamin D supplements were also adjusted.

Results

The baseline characteristics of the participants are pre-
sented in Table 1. The age (P=0.03), the BMD femoral
and lumbar (P<0.001 for both), physical activity level
(P=0.01), education level (P <0.001), and vitamin D use
(P=0.01) was different between the case and control
groups.

Based on Table 2, the intake of protein (P=0.001),
fiber (P  0.001), vitamin A (P=0.003), K (P=0.001), B,
(P=0.005), By (P=0.001), B, (P “ 0.001), B, (P=0.01),
C (P © 0.001), beta-carotene (P * 0.001), potassium
(P=0.001), iron (P=0.03), calcium (P=0.008), magne-
sium (P=0.004), zinc (P=0.04) and copper (P=0.01)
was higher, but PUFA (P=0.02), omega 6/3 ratio
(P=0.03), and sodium (P=0.001) was lower in the con-
trol group compared to the case group.

According to Fig. 2, the intake of fruits (P=0.001),
vegetables (P “ 0.001), legumes (P “ 0.001), and meat
(P=0.008) was higher, but sweets and sugar beverages
(P=0.01), was lower in the control group compared to
case group.

Table 3 presented the multivariable-adjusted odds
ratios and 95% confidence intervals (ORs; 95% CI) for
the femoral and lumbar bone density across tertiles (T)
of GI, GL, II, IL, CQI, and LCDS. Individuals in the sec-
ond and last tertile of GI were more likely to have lower
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Table 1 Baseline characteristics of study participants

Variables Control (n=131) Case(n=131) P-value*
Age (year) 56.47 £5.91 57954542 0.03
BMI (kg/mz) 29.13+£3.31 29.78£3.99 0.15
BMD femoral 0.78+£0.07 0.64£0.09 <0.001
BMD lumbar 1.00£0.08 0.81+0.09 <0.001
Income, average (%) 53 (40.5) 65 (49.6) 0.08
Physical activity, low (%) 109 (83.2) 122(93.1) 0.01
Education level (%) <0.001
Under diploma 65 (49.6) 98 (74.8)

Diploma 52(39.7) 25(19.1)

Higher diploma 14910.7) 8 (6.1)

Calcium Supplement, 99 (75.6) 99 (75.6) 0.55
no (%)

Vitamin D Supplement, 55 (42.0) 73 (55.7) 0.01

no (%)

Values are shown as mean (SD) for continuous and percentage for categorical
variables

BMI body mass index, BMD bone mineral density

*Using independent samples T-test for continuous and chi-square test for
categorical variables

P-values marked with bold indicate statistically significant p-values

femoral density in the crude model (T,-OR 2.55; 95% CI
1.38-4.64 and T;-OR 2.16; 95% CI 1.18-3.97) and both
adjusted models (Model 1: T,-OR 2.49; 95% CI 1.34—
4.64 and T;-OR 2.22; 95% CI 1.20-4.13; and Model 2:
T,-OR 2.59; 95% CI 1.35-4.96 and T5-OR 2.02; 95% CI
1.06-3.87) compared those in the lowest tertile. Also, a
positive association was seen between the second and
last tertile of GI with the lumbar density in the crude
model (T,-OR 2.26; 95% CI 1.23-4.14 and T,-OR 3.10;
95% CI 1.67-5.67) and both adjusted models (Model 1:
T, OR 2.21; 95% CI 1.20-4.08 and T5-OR 3.18; 95% CI
1.70-5.93; and Model 2: T, OR 2.13; 95% CI: 1.13-4.01
and T5-OR 3.06; 95% CI 1.60—5.84).

Moreover, we observed a significant negative rela-
tionship between CQI with the femoral BMD in the
crude (OR 0.54; 95% CI 0.29-0.99) and the first adjusted
model (OR 0.49; 95% CI 0.26—0.91). However, for the
lumbar BMD, the association was significant in the sec-
ond and last tertile of CQI compared to the first tertile
in the crude model (T,-OR 0.34; 95% CI 0.18-0.63 and
T3-OR 0.28; 95% CI 0.15-0.52) and both adjusted mod-
els (Model 1: T,-OR 0.33; 95% CI 0.18-0.62 and T;-OR
0.26; 95% CI 0.13-0.49; and Model 2: T,-OR 030; 95%
CI 0.15-0.58 and T5-OR 0.26; 95% CI 0.13-0.50). Also,
we observed a negative relationship between the last ter-
tile of LCDS with the lumbar BMD in the crude model
(OR 0.42; 95% CI 0.23-0.77) and both adjusted models
(Model 1-OR 0.37; 95% CI 0.19-0.69; Model 2-OR0.36;
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Table 2 Nutrient intakes between study participants

Variables Control (n=131) Case(n=131) P-value*
Energy (kcal/d) 212110435782 2132.82+361.94 0.79
Protein (g/day) 69.77£13.19 64.63+12.33 0.001
Carbohydrate (g/ 31436+50.74 3144945458 0.98
day)

Fat (g/day) 727241403 7557+14.67 0.11
Fiber (g/day) 32594598 29.57£5.81 < 0.001
Cholesterol (mg/ 155.65+46.42 151.124+48.20 0.44
day)

SFA (g/day) 18.76 £4.71 1868+£5.13 0.89
MUFA (g/day) 2642+497 27.07+£459 027
PUFA (g/day) 18.4543.99 19494324 0.02
Omega 6/3 ratio 2297+1027 27.25+12.52 0.03
Vitamin A (RAE/day) 535.154278.92 434.77 25595 0.003

Beta-carotene (mg/
day)

4268.77 £279449 3113.86%2330.65 < 0.001

Vitamin E (mg/day) 21.60+£4.84 22.60£4.15 0.07
Vitamin K (mg/day) 14556+ 82.41 11448 +64.70 0.001
Vitamin B, (mg/day) 1.864+0.29 1.80£0.26 0.09
Vitamin B, (mg/day) 1.72+£048 1.56+£045 0.005
Vitamin B; (mg/day) 2043£3.13 19224272 0.001
Vitamin By (mg/day) 1.78£0.36 1.60+£0.32 < 0.001
Vitamin By (ug/day) 4764748327 4513547572 0.01
Vitamin B, (ug/day) 298+1.34 2.79+£1.50 0.28
Vitamin C (mg/day) 160.03+71.32 12597+£65.09  <0.001
Sodium (mg/day) 3573.28+507.61 379738453779 0.001
Potassium (mg/day)  3341.60+825.11 2996.10+808.42 0.001
Iron (mg/day) 1545+£2.19 1488+2.12 0.03
Calcium (mg/day) 538.17£306.33 439.93 +286.41 0.008
Magnesium (mg/ 429.60+71.95 403.21£7432 0.004
day)

Zinc (mg/day) 11.30£222 10.72+£2.38 0.04
Copper (mg/day) 1624027 1534028 0.01

Values are shown as mean (SD)

SFA saturated fatty acid, PUFA polyunsaturated fatty acid, MUFA
monounsaturated fatty acid, RAE retinol activity equivalent

*Using independent samples T-test

P-values marked with bold indicate statistically significant p-values

95% CI 0.19-0.70) compared with those on the lowest

tertile.

Discussion

In this case—control study, our results showed that
postmenopausal women with osteoporosis/osteope-
nia in Iran received less fruits, vegetables, vitamins
and minerals. A higher GI intake and subsequently a
lower CQI diet was also demonstrated by women with
osteoporosis/osteopenia.

Page 5 of 9

As a major energy source, carbohydrates play an
essential role in bone metabolism. In this regard, the
amount of carbohydrate and the quality of carbohy-
drate are considered important factors [26]. The dietary
GI was presented by Jenkins et al. in 1981. This index
was defined as glucose available after food digestion,
which was used to measure carbohydrate quality [27].

The GI, as a component of CQI, affects glucose fluc-
tuations. Therefore, CQI was associated with insulin
resistance. Consumption of foods with high GI by reduc-
ing blood glucose fluctuations leads to enhanced appe-
tite and energy intake. However, a low GI diet declined
appetite and energy intake by increasing fluctuations in
blood glucose [5]. This view demonstrated that eating
foods with a high GI increase fat stores by reducing fat
oxidation and increasing carbohydrate oxidation [5, 28,
29]. Hence, it has been shown that increasing fat stores
by releasing pro-inflammatory cytokines, free fatty acids,
and reactive oxygen species leads to inflammatory condi-
tions that contribute to insulin resistance [30]. In addi-
tion, high GI sweetened beverages are associated with
increased blood glucose levels and insulin resistance
[5], and through fructose, they help increase fat stor-
age by stimulating lipogenesis, increasing triacylglycerol
accumulation, fat hypertrophy, and eventually insulin
resistance [1]. Elevated blood glucose following the con-
sumption of foods with high GI causes an increased need
for insulin secretion and impaired beta cell function and
glucose metabolism [1, 31]. Hence, enhanced glucose
levels with a negative effect on osteoblast and osteoclast
function, including overstimulation of the insulin signal-
ing pathway and inhibitory effect on osteoblast cells, lead
to abnormal bone metabolism and subsequent increase
in fractures [11, 32, 33]. By stimulating the production
of advanced glycation end products [34], hyperglycemia
leads to increased cross-link between collagen, bone frac-
tures, cell apoptosis, and inflammation [11]. In contrast,
the consumption of whole grains with low GI reduces
blood glucose levels and insulin resistance by reducing
digestion and starch absorption [5, 35, 36]. Therefore,
it seems that a low GI diet can reverse hyperglycemia,
insulin resistance, inflammation, and oxidative stress, fol-
lowed by bone health explains the findings of the study
by Garcia-Gavilan et al. [11] which is consistent with our
findings.

In the present study, the quantity of carbohydrates by
determining LCDS was considered in addition to the
quality of carbohydrates. A LCDS is associated with a
reduction in carbohydrate intake and an increase in fat
and protein intake. Higher LCDS have been reported to
be associated with lower carbohydrate intake obtained
from whole grains, fruits, and vegetables, and reduced
intake of simple sugars, especially fructose [1]. In the
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Control (n=131)
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Fig. 2 Food group intakes between study participants
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Iranian population, a decrease in fruit and vegetable
intake and an increase in simple sugar intake have also
been reported [5, 37]. It has also been shown that in Ira-
nians, more than 60% of total energy is obtained from
carbohydrates, especially refined carbohydrates with a
high GI [5]. Hence, higher LCD scores have been sug-
gested to have beneficial health effects by replacing
low GI fruits and vegetables, whole grains, and healthy
sources of fat and protein with high GI refined carbohy-
drates [38]. These findings explain our results about how
the higher LCDS associated with the higher BMD and
thereby prevents osteopenia.

Observational studies have shown that a higher intake
of fruits and vegetables is associated with increased BMD
and decreased bone loss and fracture rate [39-41]. Lin
et al. reported that receiving the Dietary Approaches to
Stop Hypertension (DASH) diet for three months was
associated with an increased intake of fruits and veg-
etables, significantly reduced bone turnover markers in
76-year-old men and women [42]. Our findings are con-
sistent with these results and support the hypothesis that
a higher intake of fruits and vegetables may be benefit for
bone health. Mechanisms related to the effect of fruits
and vegetables on bone health include the following:

A
2

w

30.06
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1200 1400 1600 1800

First, providing a favorable ratio of sodium to potas-
sium intake and reducing the diet’s acidity, and thus
reducing hypercalciuria [43]. The acid—base hypothesis
has been reported that bone tissue buffered acid load-
ing, leading to bone resorption and reduced bone den-
sity [43]. Because of their richness in alkaline ions such
as potassium, calcium, and magnesium, fruits and veg-
etables cause alkaline conditions. It has been shown that
all three elements have a beneficial effect on bone health
[39]. A recent meta-analysis has shown that the richness
of fruits and vegetables from these alkaline precursors
counteracts the effects of dietary-derived calciuria [44,
45]. From this perspective, a meta-analysis of 17 studies
reported that adequate calcium intake of 1200 mg/day is
associated with a reduction in BMD loss in postmeno-
pausal women, followed by a reduced fracture risk [46,
47].

In contrast, severe dietary calcium restriction leads to
severe hypercalciuria and progressive loss of BMD [46].
Regarding the effect of magnesium on bone health, it has
been shown that it leads to a significant increase in osteo-
blast survival, alkaline phosphatase activity, and osteo-
calcin levels [46, 48]. Therefore, insufficient magnesium
intake is associated with osteopenia [46].
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Table 3 Crude and multivariable-adjusted odds ratios and 95% Cls across tertile of Gl, GL, I, IL, CQl and LCDS

Variables Femoral BMD abnormality Lumbar BMD abnormality

Crude Adjusted model 1 Adjusted model 2 Crude Adjusted model 1 Adjusted model 2
Gl
T1 Ref Ref Ref Ref Ref Ref
T2 2.55(1.38,4.69) 249 (1.34,4.64) 2.59(1.35,4.96) 2.26(1.23,4.14) 2.21(1.20,4.08) 2.13(1.13,4.01)
T3 2.16(1.18,3.97) 2.22(1.20,4.13) 2.02(1.06,3.87) 3.10(1.67,5.76) 3.18(1.70,5.93) 3.06 (1.60, 5.84)
Pirend 0.01 0.01 0.02 ©0.001 ©0.001 0.001
GL
T1 Ref Ref Ref Ref Ref Ref
T2 1.04 (0.57,1.91) 1.09 (0.58, 2.03) 1.03 (0.53, 1.98) 1.28(0.71,232) 1.38(0.74, 2.54) 1.26 (0.66, 2.40)
T3 0.79(0.43,1.44) 0.77 (041, 1.46) 0.82(0.42,1.61) 1.31(0.72,2.39) 140 (0.75,2.62) 147 (0.76, 2.84)
Pirend 044 042 0.55 0.36 0.29 0.27
Il
T1 Ref Ref Ref Ref Ref Ref
T2 1.02 (0.56, 1.85) 0.97(0.53,1.79) 0.87 (046, 1.66) 1.38(0.76,2.51) 1.36 (0.74,2.47) 1.25(0.67,2.33)
T3 1.02 (0.56, 1.86) 1.06 (0.57,1.95) 0.93(0.48,1.77) 1.25(0.69, 2.28) 1.30(0.71,2.38) 1.16 (0.62,2.18)
Pirend 094 085 0.86 044 038 0.58
IL
T1 Ref Ref Ref Ref Ref Ref
T2 0.79 (043, 1.44) 0.85 (046, 1.58) 0.85 (044, 1.63) 1.00 (0.55,1.81) 1.07 (0.58,1.96) 1.08 (0.57,2.04)
T3 0.81(0.44,1.48) 0.83 (0.44,1.55) 0.91(047,1.77) 1.00 (0.55, 1.82) 1.05 (0.56, 1.95) 1.17(0.61,2.24)
Pirend 049 0.56 0.72 0.99 0.87 0.73
cal
T1 Ref Ref Ref Ref Ref Ref
T2 0.74 (040, 1.34) 0.72(0.39,1.33) 0.73(0.38,1.37) 0.34(0.18,0.63) 0.33(0.18,0.62) 0.30(0.15,0.58)
T3 0.54(0.29,0.99) 049 (0.26,091) 0.53(0.28,1.02) 0.28 (0.15,0.52) 0.26 (0.13,0.49) 0.26 (0.13,0.50)
Pirend 0.04 0.02 0.06 ©0.001 ©0.001 ©0.001
LCDS
T1 Ref Ref Ref Ref Ref Ref
T2 0.90 (0.49, 1.66) 0.80 (042, 1.49) 0.69 (0.36,1.33) 0.74 (040, 1.37) 0.66 (0.35,1.24) 0.57(030,1.11)
T3 0.78 (0.43,1.42) 0.68 (0.36, 1.27) 0.70(0.36, 1.34) 042 (0.23,0.77) 0.37 (0.19,0.69) 0.36(0.19,0.70)
P 042 0.23 0.29 0.005 0.002 0.003

trend

BMD bone mass density, G/ glycemic index, GL glycemic load, // insulin index, /L insulin load, CQ/ carbohydrate quality index, LCDS low-carbohydrate diet score

Model 1: adjusted for BMI and age

Model 2: additionally adjusted for income, education, physical activity, calcium, and vitamin D supplement

These values are shown as odds ratio (95% Cls)
Obtained from logistic regression

P-values marked with bold indicate statistically significant p-values

Second, they are rich in vitamin K, which plays a cru-
cial role in bone health due to the gamma-carboxylation
of osteocalcin [39, 44, 49]. Vitamin K plays an important
role as a cofactor of enzymes involved in bone metabo-
lism by increasing many bone formation markers such
as alkaline phosphatase and insulin-like growth factor 1
(IGF-1) through osteoblast differentiation and by regulat-
ing extracellular matrix mineralization [46, 50-52]. The
role of vitamin K in bone health has been reported in var-
ious studies [46, 53, 54].

Third, receiving antioxidants such as vitamin C, beta-
carotene, and other carotenoids such as lutein, xanthine,
and lycopene, which due to their antioxidant properties,
have a protective role against oxidative stress [39]. In ani-
mal models, the protective effect of beta-carotene against
bone loss has also been shown [46, 55]. Vitamin C may
affect bone mass through the hydroxylation of proline
and lysine, which is required to form triple helix col-
lagen [44]. In addition, vitamin C has a protective effect
against bone fractures by stimulating collagen synthesis
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types 1 and 3, while vitamin C deficiency leads to osteo-
clastogenesis and subsequent bone resorption. Adequate
vitamin C intake and improved bone health can be a pre-
ventive tool against osteopenia and osteoporosis [46].

Fourth, receiving polyphenols, carotenoids, toco-
pherols, vitamin K, and glutathione, except for the
antioxidant effects due to up-regulating Runt-related
transcription factor 2 (Runx2), Osterix, and IGF-1 along
with increasing the expression of lysyl oxidase, have ben-
eficial effects on bone health [39].

Fifth, being rich in B vitamins can have a desirable
effect on bone health. Adequate vitamin By intake has
a positive effect on bone health, directly affecting bone
metabolism and indirectly modulating steroid hormone
receptors such as estrogen [46, 56]. The role of B, in
maintaining bone health has also been shown [46].

This study is the first one that assessed the relationship
between carbohydrate quality indices and BMD in post-
menopausal women. Also, we controlled the effect of sev-
eral confounding factors in order to obtain more accurate
results. However, this case—control study had some limi-
tations: selection and recall bias that affect association is
probable for the design of the study. Misclassification of
the dietary intake of participants due to the use of FFQ
cannot be omitted; however, we used validated FFQ, and
finally, we were not capable of doing stratified analysis for
a limited sample size.

In conclusion, higher GI diets increased the risk, but
LCD and CQI decreased the risk of osteopenia and oste-
oporosis. These findings suggest that a higher intake of
fruits and vegetables and receiving various dietary vita-
mins, minerals, and antioxidant compounds may be a
useful way to prevent osteopenia and osteoporosis in
Iranian women. Also, further studies with a longitudinal
design, particularly trial studies and a higher sample size,
are required to explain the better association between
CQI and osteoporosis risk among this population.
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