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Calcium and Vitamin D Supplementation 
in Postmenopausal Women: Long-term 
Hypercalcemia or Hypercalciuria Risks?
By Carrie Decker, ND
Founder and Medical Director, Blessed Thistle, Madison, WI

Dr. Decker reports no financial relationships relevant to this field of study.

SYNOPSIS: In a randomized, placebo-controlled trial, variable vitamin D dosage from 400 IU to 4800 IU and daily calcium 
supplementation (to achieve total intake of 1200 mg) was provided to postmenopausal Caucasian women with vitamin D insufficiency 
for a period of 1 year. All individuals were supplemented with calcium, with the placebo group not receiving vitamin D. Vitamin D 
dosage was not found to be related to incidence of hypercalcemia or hypercalciuria. 

SOURCE: Gallagher JC, et al. Incidence of hypercalciuria and hypercalcemia during vitamin D and calcium supplementation in older 
women. Menopause 2014;21:1173-1180.

With a significant number of postmenopausal 
women supplementing calcium and vitamin 
D for bone health and other perceived 

benefits, the possibility of over-supplementation and 
possible negative effects are of concern. Calcium 
supplementation has been shown to be related to 
increased cardiovascular events,1 and combination 
calcium with vitamin D supplementation has 
been connected with renal complications such as 

nephrolithiasis.2 The purpose of this study is to 
assess serum and urinary parameters related to the 
cardiovascular and renal risks associated with variable 
vitamin D dosage in combination with calcium 
supplementation. 

One hundred sixty-three Caucasian women between 
the ages of 57 and 90 years old with vitamin D 
insufficiency (< 20 ng/mL) were enrolled in this 
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study. Women were excluded if they had 
a history of multiple kidney stone events, 
chronic liver or kidney disease, and other 
significant health problems. Criteria for 
exclusion also included having a serum 
25-hydroxyvitamin D (25[OH]D) level of 
< 5 ng/mL, serum calcium levels > 10.3 
mg/dL, and 24-hour urine calcium levels 
higher than 300 mg/dL. Individuals were 
also not included in the study if they were 
recently or currently taking medications 
with known effects on calcium or vitamin D 
levels, including bisphosphonates, fluoride, 
parathyroid hormone, calcitonin, estrogen, 
corticosteroids (>10 mg/d), phenytoin or 
phenobarbital, or high-dose thiazide.

Individuals were randomly assigned to eight 
groups to receive vitamin D3 at a dosage of 
400, 800, 1600, 2400, 3200, 4000, or 4800 
IU/day or placebo. Baseline dietary intake 
of vitamin D and calcium were assessed 
from 7-day food diaries, and all individuals 
were supplemented with 200 mg tablets 
of calcium citrate to achieve a daily total 
intake of 1200 mg, to be taken in divided 
doses. Measurements of serum calcium and 
24-hour urine calcium levels were assessed 
at baseline, and at 3, 6, 9, and 12 months. 
Dietary intake of vitamin D and calcium 
were also assessed at 12 months. Primary 
outcomes of serum 25(OH)D and serum 
parathyroid hormone (PTH) levels were also 
assessed, but are reported separately.3

During the study, hypercalcemia was defined 
as a fasting serum calcium level > 10.5 mg/
dL (upon which treatment adjustments were 
considered), and for post-study analysis, 
it was defined as 10.2 mg/dL. Similarly, 
hypercalciuria during the study was 
addressed when calcium levels from 24-hour 
urine collection exceeded 400 mg, and for 
post-study analysis, it was defined as levels 
higher than 300 mg. 

One hundred and forty-seven women 
completed the study, and data were 
analyzed according to intention-to-treat 
(including the 11 who discontinued 
treatment but not the five lost to follow-
up). The mean 24-hour urine calcium levels 
(across all groups) significantly increased 
from 141 mg at baseline to 185 mg at 12 
months (P < 0.0001). The mean serum 
calcium level increased from 9.47 mg/dL 
at baseline to 9.52 mg/dL at 12 months, 
but was not significant. Twenty episodes 

of hypercalcemia (in 14 women) and 88 
episodes of hypercalciuria (in 48 women) 
were observed. Episodes of hypercalcemia 
and hypercalciuria were not significantly 
associated with vitamin D dosage or serum 
25(OH)D level. 

Hypercalcemia was transient and did 
not require an adjustment to treatment. 
Hypercalciuria occurred once in one-half 
of the women and more than once in the 
other half, and required an adjustment 
to treatment in five of these individuals 
when the condition was not transient (as 
determined by repeated measurement 
within 2 weeks). A baseline level of 24-
hour urine calcium > 132 mg was shown 
to be a risk factor for the development of 
hypercalciuria (OR, 15.3; 95% CI, 5.44-
43.01; P < 0.0001), while a 1-year increase 
in age was associated with a decreased risk 
of developing hypercalciuria (OR, 0.90; 95% 
CI, 0.84-0.97; P = 0.0044). Two individuals 
who had five occurrences of hypercalcemia 
were not included in the analysis, as they 
were suspected to have mild primary 
hyperparathyroidism.

Eleven serious adverse events were observed 
in 11 women, including diverticulitis, 
congestive heart failure, fracture, angina, 
syncope, stroke, chronic obstructive 
pulmonary disease exacerbation, and partial 
thyroidectomy for a nodule. None of these 
events were attributed to vitamin D use nor 
elevated serum calcium/PTH . There was 
a small but significant increase in serum 
creatinine of 0.068 (95% CI, 0.041-0.096; 
P < 0.0001) in the 12-month period of 
this study. No symptomatic kidney stone 
episodes occurred.

n COMMENTARY
Supplementation of vitamin D up to 4800 
IU/day in combination with calcium to 
achieve total daily intake of 1200 mg has 
been shown to be safe and not connected 
to the development of nephrolithiasis 
or other significant adverse effects. This 
was demonstrated in a population of 
postmenopausal women who did not have 
hypercalcemia, hypercalciuria, other known 
health risks, or take many medications 
known to possibly increase these risks. 
In other studies in which adverse effects 
of kidney stones were seen, higher doses 
of calcium of 1000 mg were utilized in 
combination with 400 IU of vitamin D3.2 
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Although this study was a thorough investigation of a 
wide spectrum of vitamin D dosages, the final findings 
lack completeness, as there was not a control group with 
either vitamin D or calcium supplementation as a part 
of the study. Because of this, it cannot be determined if 
the fairly frequent incidence of hypercalciuria and less 
frequent hypercalcemia was associated with calcium 
supplementation or if they would normally occur in this 
population. As 24-hour urinary calcium levels are rarely 
assessed when there are not renal stones, the occurrence 
of asymptomatic hypercalciuria in an aging female 
population is largely unknown. Transient hypercalcemia 
is also a common finding, and, as it resolved without 
adjustments to treatment, it may not be attributed to this 
level of calcium supplementation. The significant finding 
of a mild increase in creatinine may be normal variation 
with increasing age, as this is known to occur.4

The exclusion of individuals with hypercalcemia and 
hypercalciuria, while important for the safety of this 
study, excludes a portion of the general population who 
often may be recommended to supplement their diet with 
calcium and/or vitamin D. In postmenopausal women, 
hypercalcemia and hypercalciuria is most commonly 
associated with hyperparathyroidism and is estimated 
to affect 21/1000 women between 55-75 years old.5 
A general screening of these parameters, particularly 
urinary levels, is not a part of every well woman exam, 
yet many postmenopausal women receive these general 
bone health guidelines. The risk of hypercalcemia and 
hypercalciuria and associated symptoms are likely 
minimized by the findings of this study by the exclusion 
of this portion of the population. To reduce likelihood 

of hypercalcemia and hypercalciuria, the authors of this 
study suggest that assessment of these parameters initially 
and after 3 months of treatment should be considered.

Although the exclusion criteria for this study 
encompassed a wide variety of substances that may have 
an effect on the parameters being assessed in this study, 
multiple medications that are commonly prescribed 
were not. Atorvastatin is one of these, as it is known to 
increase serum 25(OH)D levels. Other medications also 
may have an effect on vitamin D levels (and vice versa); 
however, quality studies have not been performed.6,7 
Proton pump inhibitors also may have an effect on 
calcium metabolism,8 and individuals using these 
medications were not excluded from this study. 

Genetic polymorphisms of the vitamin D receptor gene 
are associated with hypercalciuria and the formation of 
urolithiasis.9,10 As the assessment of single-nucleotide 
polymorphisms and the use of this information for 
an individualized approach to medicine are becoming 
increasingly common, the possibility of utilizing this 
information for improved patient safety and outcomes 
also may be considered.

Vitamin D supplementation up to 4800 IU daily has 
been shown to be safe for daily use in individuals 
without other known risks, and was not shown to be 
connected with the development of either hypercalciuria 
or hypercalcemia. Although it was not reported in 
this paper, the additional publication related to this 
research did report serum 25(OH)D in excess of normal 
limits to occur with higher doses of daily vitamin 
D3 supplementation.3 A daily intake of 800 IU of 
vitamin D3 was found to be adequate to achieve serum 
25(OH)D levels of > 50 nmol/L. If hypercalcemia or 
hypercalciuria is suspected or has been shown previously, 
these parameters should be assessed prior to and after 3 
months of treatment to ensure patient safety.   n
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Summary Points
• Hypercalcemia and hypercalciuria were  

observed in all groups including the placebo 
arm of this study.

• The occurrence of hypercalcemia and  
hypercalciuria had no relationship with vitamin 
D dosage.

• Hypercalcemia (>10.2 mg/dL) occurred in 
8.8% of women and hypercalciuria (>300 
mg/d) occurred in 30.6% of women partici-
pating in this study. The majority of women 
who developed hypercalcemia or hypercalci-
uria did not have any relevant symptoms.

• Because all groups received calcium  
supplementation to achieve total daily intake  
of approximately 1200 mg, the possible effects 
of calcium intake on hypercalcemia and  
hypercalciuria cannot be assessed.
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HERBAL THERAPIES

ABSTRACT & COMMENTARY

The Whole Is Greater than the Parts: 
Artemisia annua and Malaria
By David Kiefer, MD
SYNOPSIS: Compared to the isolated phytochemical artemisinin, whole plant Artemisia annua more adequately treated one species of the 
malaria parasite infection in mice and more effectively avoided the development of treatment resistance in another parasite species. 

SOURCE: Elfawal MA, et al. Dried whole-plant Artemisia annua slows evolution of malaria drug resistance and overcomes resistance to 
artemisinin. Proc Natl Acad Sci U S A 2015 Jan 5. pii: 201413127. [Epub ahead of print].

Artemisia annua (Chinese wormwood) is an herb with 
a long history of use in Asia, and is related to North 

American species such as Artemisia vulgaris (mugwort). 
The research detailed here stems from a fascinating 
story of a series of plant extracts that were found to be 
effective in the treatment of malaria. The most recent, 
the compound artemisinin, an extract from the plant 
A. annua, addressed growing resistance of the malaria 
parasite Plasmodium spp to known therapies through 
its effectiveness as a pure drug compound. However, in 
2005, as the authors describe, P. falciparum developed 
resistance to artemisinin, a phenomenon that occurs 
when microbes are subject to single compounds over 
time. This article compares the antimalaria effect of pure 
artemisinin vs whole plant A. annua (WPAA).

In this experiment, the researchers inoculated mice with 
P. yoelii (known to be resistant to artemisinin), and then 
subjected them to single doses or nine daily treatments 
of either artemisinin or WPAA as per Table 1. Mice 
receiving the treatment were compared to a control 
group who received a powdered mouse chow dissolved 
in water. The primary outcome was parasite percentage 
from a blood smear taken every 8-24 hours for 2 weeks. 
Mice were also observed for evidence of disease or signs 
of stress. 

In addition, a different parasite species, P. chabaudi 
(known to be susceptible to both artemisinin and 
WPAA), was treated with repeated doses of artemisinin 
(up to 200 mg/kg) and WPAA (up to 100 mg/kg), and 

efficacy was assessed using a referenced protocol called 
the 2%-relapse technique to determine the rate of 
development of treatment resistance.

The results showed improved treatment efficacy for 
WPAA vs artemisinin. At 16-48 hours, a single high 
dose of WPAA more effectively lowered P. yoelli load 
vs high-dose artemisinin, and low-dose WPAA was as 
effective as high-dose artemisinin. Essentially, these results 
showed that WPAA can overcome the known resistance 
to artemisinin demonstrated in P. yoelli. Of note, the low-
dose artemisinin did not differ in its treatment effect from 
the control group.

Summary Points
• Artemisia annua, or Chinese wormwood, has 

a long history of traditional use, and more 
recently it has been used as an antimalarial.

• One of the compounds from A. annua known 
to have a physiological effect is artemisinin, but 
some malaria parasites are now resistant to it.

• In this animal study, whole plant A. annua 
more adequately treated a resistant strain of 
malaria parasite than artemisinin, and prevent-
ed the development of resistance.

Table 1: Treatment Dosages of Artemisia annua

Low-dose WPAA High-dose WPAA Low-dose artemisinin High-dose artemisinin

P. yoelii inoculated 
mice

40 mg (24 mg  
artemisinin per kg)

200 mg (120 mg  
artemisinin per kg)

600 mcg of A (24 mg 
artemisinin per kg)

3000 mcg of A (120 mg 
artemisinin per kg)
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Daily high-dose WPAA treatment led to P. yoelli 
levels below 2% at day 7, less than 1% at day 8, and 
undetectable levels at day 14. The high-dose artemisinin 
treatment only achieved a 6% parasite load by day 7, 
and no difference from the control through the end of the 
experiment.

Using P. chabaudi and the 2%-relapse technique to 
determine treatment resistance, WPAA at 100 mg/kg 
required more doses treatments than artemisinin at 200 
mg/kg for a given level of resistance. And, interestingly, 
the researchers did not see complete resistance to WPAA, 
although it was seen to isolated artemisinin.  

n COMMENTARY
It is likely that readers of this article may rarely, if ever, 
encounter malaria in their clinical practice. Nonetheless, 
this article, despite being a step away from applicability 
to clinical medicine, illustrates a trend in thinking and 
research ventures that could have widespread, important 
ramifications. The researchers here demonstrated efficacy 
of a whole plant treatment that was superior to an 
isolated constituent. They quote that WPAA was “at least 
five times more effective” than isolated artemisinin, as 
indicated by prior research, but this trial merely found 
a role for WPAA in treating an artemisinin-resistant 
Plasmodium species above what could be achieved by 
artemisinin (to be expected). 

Is a whole plant more effective than an isolated 
phytochemical? To the herbal medicine convert, this 
may make intuitive sense, but it is quite a paradigm 
shift from most “conventional” research agendas and 

treatment protocols, if not randomized, controlled trials. 
The authors of this experiment mention the synergism 
of a broad array of phytochemicals in A. annua that 
could account for the enhanced efficacy and decreased 
treatment resistance. Such synergisms are the subject of 
other published articles in the medical literature,1,2 as well 
as some specific treatments. An example of the latter is 
the enhanced anti-inflammatory effect of turmeric root 
(Curcuma longa) above and beyond purified curcumin,3 
as discussed in a recent issue of the Integrative Medicine 
Alert.4 Indeed, we start with WPAA and whole root 
turmeric and expand our list to whole garlic (rather 
than allicin) and whole flower St. John’s wort (rather 
than hypericin or hyperforin), etc. The number of herbal 
medicines whose efficacy in whole form continues to 
grow.

These results touch on another exciting aspect of whole 
plant treatments: the enhanced ability to resist the 
development of treatment resistance. As concern about 
antibiotic resistance grows, or, in this case, antimalarial 
resistance, it may in fact be plants to the rescue.   n
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ABSTRACT & COMMENTARY

Pistachios and Metabolic Risk Factors
By Traci Pantuso ND, MS

Adjunct Faculty, Bastyr University, Seattle; Owner, Naturopathic Doctor Harbor Integrative Medicine, Bellingham, WA

Dr. Pantuso reports no financial relationships relevant to this field of study.

SYNOPSIS: This study is a randomized, crossover clinical trial demonstrating that a pistachio-rich diet significantly reduced fasting glucose, 
insulin, and insulin resistance compared to the control diet group in prediabetic individuals. 

SOURCE: Hernandez-Alonso P, et al. Beneficial effect of pistachio consumption on glucose metabolism, insulin resistance, inflammation, 
and related metabolic risk markers: A randomized clinical trial. Diabetes Care 2014;37:3098-3105.

Some accumulating evidence serves as a prelude 
to this study. For example, nut consumption has 

been associated with a reduced risk of coronary heart 
disease (CHD) and diabetes, and both conditions are 
interdependent and possibly inflammatory in nature.1-3 
Lifestyle modifications including dietary changes, such 

as the Mediterranean diet, have demonstrated efficacy in 
reducing both diabetes and cardiovascular disease (CVD) 
risk factors.1-4 Nuts and extra virgin olive oil (EVOO) 
are important components of the Mediterranean dietary 
pattern.2,3 Much of the evidence for nut consumption 
relaying health benefits has been in relation to CVD, but 
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less so for diabetes and metabolic syndrome.1-4 

The evidence of nut consumption in relation to diabetes 
risk is slightly more ambiguous than that for CVD.1,3 A 
number of large studies have investigated the role of nut 
consumption and diabetes risk. The PREDIMED study 
included 3541 participants who were at high risk for 
CVD because they either had type 2 diabetes (T2DM) 
or had at least three or more risk factors.5 There was a 
30% risk reduction for T2DM in the Mediterranean diet 
groups compared to the control diet.5 The Nurse’s Health 
Study demonstrated an inverse relationship between 
women who consumed nuts and T2DM risk.6 A Chinese 
cohort study of 64,000 women found a protective effect 
of nut consumption on diabetes risk, while the Iowa 
Women’s Health Study found that postmenopausal 
women did not receive a diabetes risk reduction.1 
Interestingly, the authors of the Nurse’s Health Study 
reanalyzed data stratifying for menopausal status and 
found that the relative risk did not change significantly 
and that nut consumption continued to show a protective 
effect.1 Another study, which did not demonstrate a 
protective effect of nut consumption on diabetes risk, 
was the Physicians’ Health Study with 20,224 male 
participants.7

Recent study findings demonstrated decreased post-
prandial glucose levels when people consumed pistachios 
with carbohydrates.8 Pistachio intake has also been 
shown to decrease LDL and other inflammatory 
markers in healthy individuals and those with metabolic 
syndrome.9 The authors of this study sought to 
investigate whether a pistachio-rich diet would improve 
glucose metabolism and insulin levels in prediabetic 
individuals.
  
Community-dwelling women and men between 25-65 
years of age, body mass index (BMI) < 35 kg/m2, and a 
fasting glucose between 100-125 mg/dL were recruited 
from primary care centers affiliated with the Universiari 
Hospital of Saint Joan de Reus in Spain. Exclusion 
criteria included medical, dietary, or social conditions that 
hinder compliance; significant hepatic, renal, or endocrine 
disease; pregnant or desiring to become pregnant within 
the study time frame; vegetarian or hypocaloric diet for 
weight loss; bad dentures making it difficult to chew 
pistachios; alcohol, tobacco, or drug abuse; diabetes or 
using oral antidiabetic agents; frequent consumption 
of nuts or known allergy; use of multivitamins, vitamin 
E, and other antioxidant supplements; and use of plant 
sterols, fish oil supplements, or psyllium.

The design of this study was a randomized, crossover 
clinical trial that started with a 15-day run-in period, 
then a 4-month treatment period of either control diet 
(CD) or pistachio-supplemented diet (PD), followed by 
a 2-week washout period prior to the next 4-month CD 

or PD intervention. During the 2-week washout period 
before each 4-month diet intervention, the participants 
followed a normocaloric diet containing 50% of energy 
as carbohydrates, 15% as protein, and 35% as total fat. 
Three-day dietary records were used to estimate dietary 
intake at the beginning of each 4-month trial and every 
2 months after. Dietary instructions were provided to 
the participants in each group. These included seasonal 
recipes and biweekly menus after the 2-week run-in 
period and then monthly until the completion of the 
4-month intervention period.

During the intervention, the PD group participants 
supplemented with 2 ounces (57 grams or approximately 
one-half cup) of pistachio nuts that were given to the 
participants at no cost. The pistachio nuts were roasted, 
and half of them were salted. The diet of the CD group 
was adjusted with additional fat to equal the PD group 
with the addition of increased fatty foods that mostly 
consisted of olive oil.

Physical examinations consisting of weight, waist 
circumference, and body mass index occurred at baseline, 
2-week run-in, and then monthly until the end of each 
4-month intervention period. Body composition was 
measured with bioelectrical impedance analysis at the 
beginning and end of each 4-month trial. Blood pressure 
was measured as well.

To measure adherence to the PD, empty pistachio packets 
were counted and plasma levels of lutein-zeaxanthin 
and γ-tocopherol levels were measured using liquid 
chromatography. Physical activity was calculated using 
the Spanish version of the Minnesota Leisure Time 
Physical Activity Questionnaire, which is a validated 
questionnaire. Gastrointestinal side effects were evaluated 
through a questionnaire.

At baseline and the end of the 4 months, blood was 
analyzed for:
• Fasting glucose, serum lipid profiles, LDL-c, oxidized 

LDL, soluble receptor for advanced glycation end 
products, insulin, leptin,

• Insulin resistance and insulin secretion were 
calculated with the homeostasis model assessment 

Summary Points
• Two ounces of pistachio nuts per day for 4 

months in prediabetic individuals significantly 
decreased fasting blood glucose and insulin 
resistance compared to the control group.

• No significant differences were found in lipid 
profiles between the pistachio-rich diet and 
control groups.
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(HOMA) of insulin resistance (HOMA-IR) and 
HOMA of beta-cell function (HOMA-BCF) 
methods. 

• Plasma tissue factor, thromboxane B2, 
interleukin-18, interleukin-6 (IL-6), plasma 
fibrinogen, von Willebrand factor, platelet factor 4, 
gastric inhibitory polypeptide, GLP-1, C-peptide, 
adiponectin, plasminogen activator inhibitor-1 (PAI-
1), and resistin. 

• To evaluate glucose uptake in cells, peripheral 
lymphocytes were obtained from venous blood 
samples. The lymphocytes were incubated with 
deoxy-D-glucose that was then measured through 
fluorescence inside the lymphocytes after 30 minutes. 

• Gene expression analysis of toll-like receptor 2 
(TLR2) and toll-like receptor 4 (TLR4), solute 
carrier family 2 (SLC2A3, SLC2A4), IL-6, RETN 
were measured by real-time polymerase chain 
reaction (RT-PCR).

All statistical analyses were performed using intent-
to-treat (ITT) and per-protocol (PP) approaches. ITT 
analysis included all randomized participants at the time 
after completion of baseline measurements. PP analysis 
excluded participants who did not complete the last visit. 

One hundred and eight participants were screened for 
eligibility and 54 participants were randomly assigned 
to an intervention sequence. Five of the 54 participants 
dropped out of the study during the pistachio 
intervention for personal reasons. Baseline characteristics 
were similar among the participants, except that men had 
significantly higher weight and waist circumferences than 
the women. No significant differences in the study groups 
were noted at baseline.

During the PD intervention, glucose and insulin levels 
decreased significantly compared to baseline (see Table 
1). The control group did not demonstrate a significant 
difference between baseline and the CD intervention 
(see Table 1). The HOMA-IR value also significantly 
decreased in the PD group from baseline compared to 

the CD group (see Table 1). No significant difference in 
the HOMA-BCF score or hemoglobin A1c was found 
in either group. No significant differences were found 
in lipid profiles between groups (see Table 2). There 
was, however, a nonsignificant decrease found in LDL 
measurement compared to baseline in the PD group. In 
the CD group, there was a small non-significant increase 
in the LDL compared to the baseline value. Plasma IL-6 
and RETN were not significantly different in the PD 
group compared to the CD group.

In lymphocytes, a significant decrease in the uptake of 
glucose was detected in the PD group (-78.78% [127.46, 
-30.10]) compared with the CD group (15.86% [-34.55, 
66.27], P = 0.01). In previous studies, increased glucose 
uptake in peripheral blood mononuclear cells has been 
shown to lead to immune hyperactivity.10 Fibrinogen 
and PF-4 were significantly decreased in the PD group 
compared to the CD group. GLP-1 increased during the 
pistachio diet compared with the CD. IL-6 messenger 
ribonucleic acid (mRNA) in the PD group was decreased 
compared with the CD group by 9% (P = 0.004). RETN 
gene expression was also significantly decreased in the PD 
group compared to the CD group (P = 0.04). To measure 
the facilitated glucose transporter gene expression, 
SLC2A3 and SLC2A4 gene expression was measured. 
SLC2A3 expression was not significantly different 
between groups. SLC2A4 expression were significantly 
increased by 69% in the CD group compared to the PD 
group (P = 0.03). SLC2A4 protein has been found to 
be increased in diabetics and individuals with impaired 
glucose metabolism in lymphocytes. TLR gene expression 
was not significantly different between groups. 

There were no gastrointestinal side effects observed 
during the trial, and no changes in medication occurred 
during the study.

n COMMENTARY
This study found that consumption of 2 ounces of 
pistachio nuts per day for 4 months by individuals with 
prediabetes decreased fasting plasma glucose levels and 

Table 1: Significant findings in Glucose Metabolism Measurements

 
Variable

PD Baseline
Mean (95% CI)

PD  Change Mean 
(95% CI)

CD Baseline Mean 
(95% CI) 

CD Change Mean 
(95% CI)

Treatment Effect 
P-value

Fasting plasma 
glucose  
(mg/dL)

116.24
(112.37, 120.11)

-5.17  
(-8.14, -2.19)*

108.06  
(104.27, 11.84)

6.72  
(4.38, 9.07)

P < 0.001

Fasting plasma 
insulin  
(mU/mL)

14.36  
(12.65, 16.07)

-2.04 
(-3.17, -0.92)*

11.44
(9.81, 13.07)

2.51
(1.02, 4.00)

P < 0.001

HOMA-IR 4.22 
(3.66, 4.77)

-0.69
(-1.07, -0.31)*

3.10
(2.64, -3.56)

0.97
(0.49, 1.44)

P < 0.001

* Indicates significant difference
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insulin resistance. Interestingly, total cholesterol did 
not decrease, which has been demonstrated in other 
studies investigating the effects of nut consumption.11 
The authors mention that the reason there were no 
significant differences in the lipid profiles may be 
due to differences in lipid metabolism in prediabetic 
individuals. Furthermore, the CD group diet contained 
EVOO, which has lipids effects. EVOO also may have 
anti-inflammatory effects, explaining why some of the 
parameters investigated were not different between the 
groups.2 This EVOO effect may be important especially 
if the inflammatory and lipid metabolism are abnormal 
in prediabetic participants, and the differences may have 
been too small to detect with the power analysis used. 

This study also demonstrated that IL-6 mRNA was 
decreased in the PD group compared to the CD group; 
however, plasma IL-6 protein levels were not significantly 
different between groups. Also, the facilitated glucose 
transporter gene SLC2A4 mRNA was 69% higher in the 
CD group compared to the PD group. More research is 
required for the IL-6 and SLC2A4 findings to be able to 
be applied clinically.

There are a number of strengths of this study, including 
the crossover, randomized design, which controlled for 
individual variability. This study also used the dietary 
compliance markers of plasma lutein–zeaxanthin and 
γ-tocopherol levels to evaluate pistachio intake, an 
effective method to quantify intake. The study duration 
for the treatment period was likely adequate; 4 months 
is a “medium” duration, which should pick up some 
effects. That said, a longer study duration is warranted to 
further understand the effects of a PD. 

Limitations of this study include the small number of 
participants and the limited study demographic. Due to 
varying physiology, effects on people with prediabetes 
may not extrapolate to people with diabetes or, for that 
matter, healthy adults. 

Another limitation of this study is the source of the 
funding as it was funded by the American Pistachio 
Growers and Paramount Farms. The authors state, 
“None of the funding sources played a role in the design, 
collection, analysis, or interpretation of the data or in the 
decision to submit the manuscript for publication.”

In summary, this study adds further evidence that the 
addition of nuts to the diet, in particular pistachios, is a 
safe nutritional strategy to improve metabolic risk factors 
in people with prediabetes. Nuts are also a good dietary 
recommendation for healthy individuals to prevent 
cardiovascular disease and are recommended by the 
American Heart Association and the U.S. Department 
of Agriculture. Nuts are a nutrient-dense food, high in 
protein, fiber, total fat, and plant sterols, the latter of 
which is known to slow or inhibit cholesterol absorption 
from the intestinal lumen. Nuts are also good sources of 
calcium, magnesium, potassium, folate, and antioxidants. 
Research has demonstrated that although nuts are high in 
fat, consuming a moderate amount will not cause weight 
gain.1 Pistachios are higher in ß-carotene, γ-tocopherol, 
and lutein than other nuts, making them a good source 
of antioxidants. Recommending a healthy diet such as 
the Mediterranean diet pattern with nuts is a safe and 
effective nutritional strategy to prevent diabetes and 
cardiovascular disease and improve insulin resistance.   n

Table 2: Lipid Profile Measurements in PD and CD Groups

 
Variable

PD Baseline
Mean (95% CI)

PD Change Mean 
(95% CI)

CD Baseline Mean 
(95% CI) 

CD Change Mean 
(95% CI)

Treatment Effect 
P-value

Total  
cholesterol
(mg/dL)

217.44
(208.10, 226.79)

-3.74 
(-9.20, 1.72)

213.83 
(205.48, 222.19)

2.11 (-4.41, 8.63) 0.15

HDL (mg/dL) 54.28 (50.43, 
58.13)

1.33
 (-1.65, 4.32)

54.42 
(51.00, 57.83)

1.34 
(-0.71,3.39)

0.96

LDL
(mg/dL)

137.93
(128.18, 147.67)

-4.00
(-9.03, 1.03)

136.77
(128.85,144.70)

1.20
(-4.35, 6.74)

0.16

VLDL
(mg/dL)

25.19
(22.23, 28.14)

-1.04
(-3.20, 1.13)

22.74
(20.32, 25.15)

0.36 
(-1.65, 2.38)

0.28

Total  
cholesterol/
HDL ratio

4.29
(3.87,4.72)

-0.19
(-0.38, -0.01)

4.14 
(3.80, 4.47)

-0.05 
(-0.25, 0.15)

0.31

LDL/HDL ratio 2.78 
(2.39, 3.17)

-0.15 
(-0.32, 0.02)

2.68 
(2.40, 2.96)

-0.04
(-0.20, 0.11)

0.33

Triglycerides 
(mg/dL)

125.81
(111.07, 140.56)

-4.96
(-15.72, 5.79) 

113.89
(101.70, 126.07)

7.47
(-7.87, 22.81)

0.15
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ABSTRACT & COMMENTARY

Eat More Fish? Choose Fish Carefully  
to Avoid Mercury Toxicity
By John C. Hobbins, MD

Professor, Department of Obstetrics and Gynecology, University of Colorado School of Medicine, Aurora

Dr. Hobbins reports no financial relationships relevant to this field of study.

SYNOPSIS: A recent review deals with the benefits as well as the risks of eating fish rich in omega-3 fatty acids and pinpoints which fish 
contain the most and least amounts of mercury.

SOURCE: Wenstrom KD. DEA’s new advice on fish: It’s complicated. Am J Obstet Gynecol 2014;211:475-478.

This article originally appeared in the February 2015 issue of OB/GYN Clinical Alert.

The December issue of the American Journal 
of Obstetrics and Gynecology contained a 
commentary by Katharine Wenstrom on the 

FDA’s “newest advice on fish.”1 In June 2014, the FDA 
and the Environmental Protection Agency (EPA) came 
out with a recommendation entitled “New advice: 
Some women and young children should eat more 
fish.”2 Those reading the article just may be off to the 
market immediately! Well, not so fast. Unfortunately, 
the report has a dark side. This document and other 
sources indicate that women should be very selective with 
their fish choices, since some may not be safe to eat in 
pregnancy, even in modest amounts.

First, the benefits of fish: Fish contain varying amounts 
of omega-3 fatty acids, which have anti-inflammatory 
properties and are intimately involved at the cellular level 
in enzyme function and neurotransmission.3 In short, 
they are essential components in the development of the 
fetal brain and even the retina. Studies have also shown 
that they are major players in cardiac development 
and function.4 For these and other reasons, the FDA 
recommends that pregnant women eat between 8-12 
ounces of fish per week.2

Discussions involving the benefits of omega-3 fatty 
acids and fish eating, in general, concentrate on two 
major components: docosapentaenoic acid (DHA) and 
eicosapentaenoic acid (EPA). Part of the American Heart 
Association’s “heart healthy diet,”5 both have been 
touted as being necessary for normal development of the 
fetal central nervous system.6 Studies have shown that 
eating at least 340 g of “fatty” fish a week containing 

Summary Points
• Fish contain varying amounts of omega-3 fatty 

acids, which have anti-inflammatory properties 
and are involved at the cellular level in enzyme 
function and neurotransmission.

• Many fish rich in omega-3 fatty acids are also 
rich in organic methyl mercury and, in some 
cases, dioxin and polychlorinated biphenyls.

• Wild Pacific salmon has the lowest mercury 
content and highest DHA and EPA levels.
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DHA and EPA may decrease the rate of preterm birth,7 
increase birth weight,8 and improve childhood IQs.9

Now to the dark side: Many fish whose flesh is rich 
in omega-3 fatty acids are also rich in organic methyl 
mercury and, in some cases, the evil pollutants, dioxin, 
and polychlorinated biphenyls (PCBs). Mercury can 
negate many of good things that the omega-3 fatty acids 
offer, so the pregnant (and even non-pregnant) fish eater 
needs to be well informed. In fact, some studies, such as 
ones from the Faroe Islands10 and Seychelles,11 suggest 
that neurotoxicity can be linked to diets that rely heavily 
on some types of fish. The most common symptoms 
of methyl mercury toxicity are paresthesias, peripheral 
vision problems, ataxia, and memory loss.

Not surprisingly, we are responsible for this. Most methyl 
mercury in fish comes from the burning of coal, with 
small particles being spewed into the air, often travelling 
far away from their origin. For example, cobia and 
grouper from Key West (where the only nearby fires are 
in the pizza ovens) contain high amounts of mercury. 
Mercury gets into minute forms of marine life, and this 
plankton is a major food source for smaller marine 
creatures who are eaten by larger fish. They, in turn, are 
eaten by the even larger prowling predator fish that we 
humans love to consume.

Dioxin and PCB, which come from industrial and 
agricultural fallout, are found in high concentrations in 
many fish in the Great Lakes or rivers close to factories 
or agricultural runoff. Like mercury, these pollutants 
have the capacity to hang around forever, and no amount 
of dilution in the vast seas can now prevent the continual 
accumulation, especially in the large predators who 
steadily concentrate pollutants throughout their longer 
life span.

Ideally, this Alert should have the entire list of commonly 
consumed fish along with their DHA, EPA, and mercury 
concentrations, but this would take up too much room. 
However, the Gray Journal review1 has just such a table 
— one I would recommend putting up on the wall in 
your consultation area and/or incorporate into a handout 
for pregnant patients. 

Briefly, the fish to limit or avoid are: swordfish, king 
mackerel, tuna, shark, bluefish, marlin, and tile fish. 
Even some lobsters, who can live for 20 years, are in the 
“moderate to high” category.

Those with the lowest level of mercury are shellfish 
(clams, mussels, oysters, scallops, and crab) and small 
wild fish (sole, flounder, anchovies, and sardines). Also, 
pollack (think fish sticks), as well as some farm-raised 
fish, such as domestic tilapia, catfish, and striped bass, 
have low mercury levels. The winner that gives the lowest 

mercury and highest DHA and EPA benefit is wild Pacific 
salmon. Shrimp has the very lowest levels of mercury 
but, alas, it has virtually no omega-3 fatty acids. Sadly, 
Atlantic cod and salmon, while having low mercury 
levels, are in danger of extinction (again, our bad).

n COMMENTARY
First: a personal note. For years, my wife and I have 
been eating a wide variety of fish for 5-8 meals a week, 
especially when we are in Key West. Her interest in 
mercury was tweaked by an article in Consumer Reports, 
so, for reassurance, she got her blood tested for mercury 
about 3 months ago. The EPA advises that individuals 
with levels < 5 ug/L are okay, but any individual with 
a level > 10 ug/L is considered to be “poisoned.” Hers 
was 22. I followed suit and mine was 33. We then 
began consuming only fish that had little or no mercury 
according to EPA tables. After 2.5 months her level is 
now 9 and mine is down to 16. It is ironic that the first 
article I ever wrote was in Contemporary OB/GYN on 
mercury-related birth defects from chemical dumping 
into Minamata Bay, Japan. Now, four decades later, I am 
theoretically poisoned by it.

Yes, much of the information that is online could be 
labeled as smoke and mirrors, but methyl mercury 
contamination of fish is real and could be detrimental 
to a developing fetus. But, unfortunately, bypassing the 
unwanted components in fish by going directly to fish oil 
products, or even to supplements labeled as DHA and 
EPA, may not do the job. A Cochrane meta-analysis of 
randomized trials suggests little benefit from the sanitized 
versions.8 One apparently benefits mostly from what the 
FDA considers “the whole package.”

To further complicate the discussion, there has been some 
controversial online chatter regarding the theory that 
methyl mercury interferes with the action of selenium in 
important enzyme systems through a pathway that also 
involves sulfur. However, it is unclear if mercury causes 
damage by antagonizing the inherent beneficial effects 
of selenium or whether the selenium is protective by 
blocking the evil effects of methyl mercury. Since fetuses 
have no real stores of selenium, the mercury will be 
unopposed in the central nervous system, making their 
brains particularly vulnerable. Theoretically, the more 
selenium one has in his/her circulation and/or ingests 
(Brazil nuts are a good source, and, of course, fish), the 
less potential harm the mercury can do at the cellular 
level.

Selenium or no selenium, it is clear that there is enough 
evidence to indicate that 8-12 ounces of fatty fish per 
week can have a major health benefit to pregnant women 
and may be essential for their fetuses. If someone likes 
shrimp, have at it, but do not expect any real bump in 
omega-3 fatty acid levels. If your patients like swordfish 
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or tuna and are pregnant, they might have to wait until 
after pregnancy to eat it with any frequency. Wild Pacific 
salmon seems to have the best balance between DHA, 
EDA, selenium (all high), and methyl mercury (very low).

I have not seen this recommendation anywhere else, but 
I would suggest that patients who are very frequent fish 
eaters and wish to become pregnant have a blood test 
for mercury. If high, it would be wise to attempt to drop 
the levels to reasonable range before becoming pregnant. 
If levels are within acceptable limits, then the maternal 
blood levels should remain in tolerable range if maternal 
intake of mercury is controlled. Patients wishing to 
monitor their daily mercury intakes through a mercury 
calculator can visit the National Resources Defense 
Council (NRDC) web site at: www.nrdc.org/health/
effects/mercury/calculator/start.asp.   n
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DIABETES

SHORT REPORT

More About Pistachios: Benefits  
in Cardiometabolic Syndrome
By David Kiefer, MD
SYNOPSIS: Improvements in some, but not all, lipid parameters were seen by substituting some carbohydrates with two servings of 
pistachios daily in people with elevated serum LDL cholesterol.

SOURCE: Holligan SD, et al. A moderate-fat diet containing pistachios improves emerging markers of cardiometabolic syndrome in healthy 
adults with elevated LDL levels. Br J Nutr 2014;112:744-752.

In this issue of Integrative Medicine Alert, we’ve already 
learned that 2 ounces of pistachios, as a source of 

mono- and poly-unsaturated fats and plant sterols, can 
decrease fasting blood glucose and insulin resistance in 
people with impaired fasting glucose (previously called 
“prediabetes”). These results were a refinement of some 
of the recent recommendations about nut intake for 
cardiometabolic risk reduction. In the current trial, 28 
adults with elevated low-density lipoprotein (LDL) levels 
participated in a crossover, controlled feeding study. The 
controlled “feeds” involved a control diet (a “typical 
Western diet,” 25% total fat), one serving of pistachios 
daily (30% total fat), and two servings of pistachios daily 
(34% total fat). A serving of pistachios was considered 
to be 1.5 ounces, 50% of which were salted, and these 
calories replaced carbohydrates. People stayed on the 
diets for 4 weeks, then had a 2-week break, and then 
proceeded with another of the diets, and so forth. Other 

variables, such as amount and intensity of physical 
activity, were controlled for. 

Small and dense LDL levels decreased with the two-
serving pistachio diet vs one-serving and control diets 
(P = 0.03 and P = 0.001, respectively), but changes in 
high-density lipoprotein (HDL) and lipoprotein A levels 
were insignificant. An indirect measurement of insulin 
resistance, the triglyceride to HDL ratio, decreased 

Summary Point
• Three ounces of pistachios daily over 4 weeks 

significantly lowers small and dense LDL  
cholesterol and the triglyceride to HDL  
cholesterol ratio.
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[IN FUTURE  
ISSUES] 

1. Variable vitamin D3 dosage from 400 IU 
to 4800 IU, in combination with total daily 
calcium (dietary and supplemental) of 1200 
mg, was found to:
a. significantly increase both serum and 24-
hour urinary calcium levels.
b. not have a relationship with episodes of 
hypercalcemia or hypercalciuria.
c. have a relationship with hypercalcemia 
but not hypercalciuria events.
d. be related to the development of both 
hypercalcemia and hypercalciuria.

2. Which of the following is true regarding the 
antimalarial effect of whole plant Artemisia 
annua?
a. It is more effective than artemisinin in 
treating artemisinin-resistant Plasmodium.
b. It has the same ability to prevent drug 
resistance as purified artemisinin.
c. It has no antimalarial effects of any 
clinical significance.
d. High-dose whole plant Artemisia annua 
is as effective at treating malaria as low-dose 
artemisinin.

3. Which of the following is true regarding an 
enriched pistachio nut diet in prediabetic 
individuals according to this study?
a. A pistachio nut-enriched diet decreased 
total cholesterol and LDL.
b. A pistachio nut-enriched diet increased 
HDL and decreased LDL.
c. A pistachio nut-enriched diet decreased 
fasting blood glucose and insulin levels.
d. A pistachio nut diet decreased fasting 
blood glucose and hemoglobin A1c levels.

4. Which type of fish has the lowest mercury 
level?
a. Tuna
b. Grouper
c. Salmon
d. Swordfish

5. Three ounces of pistachios daily led to which 
of the following after 4 weeks?
a. Significant increases in HDL cholesterol
b. Lower small and dense LDL cholesterol
c. A higher triglyceride to HDL ratio
d. Greater appetite

Curcumin for mastitis  
in breastfeeding women

Mindfulness meditation 
and ulcerative colitis
.

Biofeedback  
for headache

Acupuncture for irritable 
bowel syndrome

CME QUESTIONS

when the two-serving pistachio diet was 
compared to the control diet (P = 0.036). 
Fasting glucose and insulin levels, however, 
did not differ between the diets. The authors 
add these promising results to their prior 
work demonstrating a lowering of another 
cardiometabolic risk, LDL cholesterol.

Of note, one of the coauthors, Kris-Etherton, 
listed as the corresponding author, has 
published in the arena of omega-3 fatty 
acids and other fats and their connection to 
cardiovascular disease risk.1,2 As we malign fat 
intake less and switch our thinking more to the 
quality of the fats that we consume, perhaps 
Kris-Etherton, a well-known researcher, is 
adding to our current state of knowledge 
by examining which foods contain fats that 
may have a healthy physiological effect. It 
appears that pistachios, at least in the amounts 
studied here, fit this bill with respect to lipid 
parameters.

An important consideration is the presence 
of potential conflicts of interest. The 
California Pistachio Commission of Fresno 
provided primary funding for this research, 
and two of the authors received research 
and travel grants from the Western Pistachio 
Association. It would have been good to see 
a statement assuring the research community 
that these organizations had no oversight 
nor involvement in the data analysis, but 
that was not provided. It will be important 
to conduct future research in this area 
that is not potentially biased due to such 
circumstances.   n
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